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(ii)
S U M M A R Y
(iii)
The aim o f  th e  work d e sc r ib e d  in  t h i s  th e s i s  has been to  p re p a re  and
and a r s e n a te s .
A numbei* o f tr is e th y le n e d ia m in e  and tr isp ro p y len e d ia m in e  t e r t i a r y  
phosphates and a rs e n a te s  and a lso  some a c id  phosphates and a r s e n a te s  have 
been s u c c e s s fu lly  p re p a re d  u sin g  s i l v e r  phosphate o r a r s e n a te .  These have 
been c h a r a c te r is e d  by means o f chem ical a n a ly s is ,  sp ec tro p h o to m e tr ic , 
therm o g rav im etric , i n f r a - r e d  and X -ray s tu d ie s .
co rrespond ing  h a l id e s ,  th io c y a n a te s  and s u lp h a te s .  Two p r in c ip a l  ty p es  o f  
behav iou r have been  observed . The f i r s t ,  i n  v/hich th e re  i s  a  c l e a r  s tag e  
i n  the th erm al decom position co rre sp o n d in g  to  th e  r e a c t io n  :
and th e  second type  in  which such b eh av io u r i s  n o t observed .
The th e rm ograv im etrie  s tu d ie s  have shown th a t  the  th e rm a l s t a b i l i t y
i n i t i a l l y  in  the c o -o rd in a tio n  sp h e re , e .g .  e thy lened iam ine  compounds 
a re  more s ta b le  th an  th e  co rresp o n d in g  propylenediam ine compounds;
sp h ere . The s t a b i l i t i e s  found in  th e  p re s e n t  s tu d y  agree^  f o r  the  known 
compounds w ith  p u b lish e d  work and p ro v id e^  in fo rm a tio n  on th e  phosphate
s tudy  v a rio u s  e thy lened iam ine  and propylenediam ine ch ro m iu m (lll)  phosphates
T h e ir th e rm ograv im etric  behav iour has been compared to  t h a t  of th e
o r
of complexes depends ( i )  on th e  n a tu re  o f  th e  n e u t r a l  l ig a n d  p re s e n t
( i i )  on th e  n a tu re  o f th e  an ion  i n i t i a l l y  p re s e n t  o u ts id e  th e  c o -o rd in a tio n
and a rse n a te  compounds*
The o rd e r  o f s t a b i l i t i e s  i s  g iv en  as fo llo w s  :
Br 1 y ci y  po^  y  scn y  aso^ .
I t  has been e s ta b l is h e d  th a t  s im i la r  b eh av io u r on therm al de­
com position  does n o t n e c e s s a r i ly  le a d  to  i d e n t i c a l  p ro d u c ts . Thus i t  
has n o t proved p o s s ib le  to  a s s ig n  a  d e f in i t e  s t r u c tu r e  to  th e  compounds
(v)
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EXPLANATORY NOTES
U nless s ta t e d  to  the  c o n tra ry , th e  term  *am ine’ i s  tak en  to  mean 
th e  n e u tr a l  n i tro g e n -c o n ta in in g  groups, such as ammonia, 
e th y lened iam ine , p ropylened iam ine, e t c , ,  w h ile  th e  term  'ammine* 
r e f e r s  s p e c i f i c a l ly  to  ammonia a c t in g  as a  l ig a n d ,
T r iv a le n t  chromium i s  always assumed, u n le s s  s ta t e d  to  th e  
c o n tra ry . Eor example, Cr -  NH  ^ complexes w r i t t e n  w ith o u t any 
in d ic a t io n  o f t h e i r  o x id a tio n  s t a t e  alw ays im p lie s  C r( lll) -N H ^ .
The fo llo w in g  a b b re v ia tio n s  a r e  used  th ro u g h o u t : 
en » e th y len ed iam in e , N^-CHg-CHg^NH^ (sy m m etrica l) , 
pn » p ropy lened iam ine, N^-CH^H^-CHg-NHg (u n sy m m etrica l),
py » p y r id in e , C^H^N.
Am a Amine as d e f in e d  above
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S E C T I O N  I
GENERAL INTRODUCTION
-2 -
! •  1>^A) H is to r ic a l  Background 
Chromium Amines (51 )
These a re  numerous and w ell-know n. They resem ble  c lo s e ly  th e  
amines o f C o ( l l l ) ,  R u ( l l l )  (see  r e f . l )  and R h ( l l l ) .  T r iv a le n t  
chromium i s  p r a c t i c a l l y  always 6 -c o o rd in a te  and the  s t r u c tu r e  o f i t s  
complexes has been in v a r ia b ly  shown to  be o c ta h e d ra l. S tu d ie s  of 
chromium amines have been  la r g e ly  ca rr ie d  o u t by P f e i f f e r  ( 3 3 ) $
W einland (3 9 ) , Jo rgensen  (39) and W erner (39) and t h e i r  s t r u c tu r e s  have 
been e s ta b l is h e d  by such methods as th e  c ry o sco p ic  m easurem ents by 
P e te rs e n  (4 0 ) , c o n d u c tiv i ty  m easurements b y  Werner and M io la ti  (4 1 ) , 
experim ents on asymm etric o c tah c d ra  by W erner (4 2 ) .
V arious p ro p e r t ie s  o f th e  amines t h a t  have been  s tu d ie d  in c lu d e  •
( i )  M agnetic.
( i i )  Infra-red.
( i i i )  A bsorp tion  s p e c tra .
( iv )  E l e c t r o d ia ly s is .
(v ) O p tic a l.
(v i )  Exchange ( r a d ia t io n ) .
(d )  M agnetic S tu d ie s
3+In  view o f  th e  e le c t r o n ic  c o n f ig u ra t io n  o f Cr , a l l  i t s  amines 
a re  p a ram ag n e tic . I t s  m agnetic p r o p e r t ie s  have been  in v e s t ig a te d  by a  
number o f w orkers , f o r  in s ta n c e ,  S ta r r  (2 )  who s tu d ie d  th e  m agnetic 
d is p e r s io n  a t  low tem p e ra tu re , Bose and Raha (3 ) who o b serv ed  a  change o f  
param agnetic  s u s c e p t ib i l i t y  due to  th e  a b so rp tio n  o f l i g h t ,  and C o tton
-3-
and B e llin g  T sai (A) who m easured th e  s u s c e p t ib i l i t y  by  suspending th e  
powder i n  l iq u id  oxygen.
( i i )  I n f r a - r e d  S tu d ie s
Duval and co-w orkers (5 ,6 )  have made v a lu a b le  c o n tr ib u t io n s  to  th e  
in f r a - r e d  s tu d ie s  o f a  la rg e  number o f  C o ( l l l )  and C r ( l l l ) —ammines u s in g  
t h e i r  powder method. They found th a t  n e a r ly  a l l  o f them absorbed  i n  
th re e  p r in c ip a l  re g io n s : ( i )  a  v e ry  in te n s e  b&nd betw een 800 and 850 cm 1 
f o r  th e  c o b a lt  com plexes, and  n e a r 770 cm 1 f o r  th e  chromium com plexes;
( i i )  a w ell-m arked a b so rp tio n  maximum n e a r 1300 cm ( i i i )  a  l e s s  
prom inent band betw een 1500 and 1600 cm"*1 o f v a r ia b le  i n t e n s i t y  i n  th e  
d i f f e r e n t  compounds. Duval a t t r i b u t e d  th e  f i r s t  band a t  800 cm 1 as due 
to  a  t r e b ly  d eg en e ra te  v ib r a t io n  o f the  whole complex in  th e  c a se  o f 
hexammines and todoubily d ^ e n e ra te  v ib r a t io n  in  th e  c a s e  o f th e  pentammines 
th e  second band n e a r  1300 cm 1 i s  c o n s id e re d  to  be due to  d e fo rm atio n  
v ib ra t io n  o f th e  group, w hereas th e  th i r d  band r e s u l t s  from  v a rio u s  
m o lecu lar e f f e c t s ,  depending  upon th e  n a tu re  o f th e  complex.
C a g l io t i  and co-w orkers (7 ) s tu d ie d  the  chromium hexammines in  th e  
v i c i n i t y  o f  3000,1500 and 1300 cm"*1 .
( i i i )  A bsorp tion  S p e c tra
The a b so rp tio n  s p e c tra  i n  th e  re g io n s  o f th e  v i s ib l e  and th e  u l t r a ­
v i o l e t  have been  in te n s iv e ly  e x p lo re d  by S h ib a ta  (43)* Nakamoto, Koba- 
y a sh i and T suchida (8 )  who observed  t h a t  a  f in e  band g e n e ra lly  occu rred  
in  each re g io n . In  some ihLccyanato complexes., a  t h i r d  band due to  th e  
bonding C -  N was observed  (9)* V alues o f a b so rp tio n  c o e f f i c i e n t s  o f
some aqueous s o lu tio n s  o f complexes were g iv en  by Joo s and S c h n e tz le r  (10) 
and Samuel and Despande ( l l ) .  Colmar and Schw artz (12) observed  th a t  
where one m olecule o f NHj was re p la c e d  by one m olecule o f 1^0 i n  e i t h e r  
a  chromium o r  a  c o b a lt  complex th e  wave number a t  which maximum a b so rp tio n  
o f l i g h t  o ccu rred  was d ecreased  610 mm \  accompanied by  a d ec rea se  o f 
4 .9  u n i ts  ( in  th e  case  o f th e  Cr complex) in  th e  va lue  o f  th e  m olecu lar
e x t in c t io n  c o e f f ic ie n t  a t  th e  maximum o f th e  a b so rp tio n  band . Both
th e se  e f f e c t s  o ccu rred  f o r  the  su cc e ss iv e  rep lacem en t o f th e  2nd, 3 rd  
and 4 th  m olecu les o f NH- by Ho0. More s p e c t r a l  s tu d ie s  a re  found in  
th e  works o f Uemura and KLrasawa (1 3 ), L inhard  and W eigel (1 4 ) , T h e is , 
S e r fa s s  and C lark  (1 5 ), K o z o ja ^  Sone (1 6 ) .
( iv )  E le o tr o d ia ly s is
B r in tz in g e r  and co-w orkers (1 7 ,1 8 ,4 4 ) have c a r r i e d  o u t numerous 
e l e c t r o d i a ly s i s  experim en ts on Cr complexes i n  o rd e r  to  measure t h e i r  
io n ic  charge, and have suggested  th e  e x is te n c e  o f m u l t i - s h e l le d  complex 
io n s  w ith  a  complex c a t io n  as a  c e n t r a l  io n , such as
I Cr A m ^ ]  where X = S0^2~, C20^2~, HPO^2” , HAsO^2** and Am =
NHy  £  en , £  pn
T his  view was n o t sh ared  by Spandau and Z i l l e s s e n  (19) who, u s in g  
d i f f e r e n t  f i l t e r s  as diaphragm , found th a t  th e  c o e f f ic ie n t s  o f d i a ly s i s  
o f  th e  ace to  complexes of chromium in  b u f fe re d  s o lu t io n s  c o n ta in in g  la rg e  
amounts o f su lp h a te  d id  n o t d i f f e r  from  the  c o e f f i c i e n t s  f o r  s o lu t io n  
w ith o u t su lp h a te , and th e re fo re  deduced t h a t  the tw o -sh e lle d  complex io n s
-5 -
o f Cr in  th e  su lp h a te  s o lu t io n  d id  n o t e x i s t .  They c la im ed  t h a t  th e  
e x is te n c e  o f a l l  the  o th e r  m u lt i - s h e l le d  complexes d e sc rib e d  by B r in tz in g e r  
was d o u b tfu l . In  re p ly ,  B r in tz in g e r  (20) argued  t h a t  th e  f in d in g s  o f 
Spandau and Z i l le s s e n  r e  n o t in co m p atib le  w ith  th o se  o f h i s  and th e re fo re
J .P .M ath ieu  (2 1 ,2 2 ) m easured th e  r o ta to r y  power o f d i f f e r e n t  Cr 
complexes and n o tic e d  th e  C otton e f f e c t .  A ccording to  Jae g e r (2 3 ) , th e  
r e la t io n s h ip s  betw een th e  o p t ic a l  p ro p e r t ie s  and th e  a b so lu te  c o n f ig u ra tio n  
i n  space was more com plica ted  th a n  W erner had in d ic a te d .  The o p t ic a l ly  
a c t iv e  complexes alw ays p re se n te d  c o n s id e ra b le  r o ta to r y  powers b u t o f s h o r t  
d u ra tio n . A ttem pt has been made to  re s o lv e  them by a d so rp tio n  on th e  
q u a r tz  powder (2 4 ) . Ter Berg and J a e g e r  (25) t r i e d  to d is t in g u is h  th e  
enantiom orphs from  th e  X -ray  diagram .
(v^)  Exchange ( r a d ia t io n )
Some is o to p ic  exchange re a c t io n s  have been s tu d ie d  u s in g  Cr51, and 
King and G arner (26) found  th a t  th e  chromium amines (such  a s  j Cr en , I ^+)
appeared  to  be co m p le te ly  i n e r t  w ith  r e s p e c t  to  exchange o f chromium w ith  
th e  hexaquo io n  in  n i t r i c  a c id  s o lu t io n .
Of a l l  th e  chromium amine com plexes, th o se  w ith  ammonia have been 
most w id e ly  s tu d ie d  and in v e s t ig a te d .  A ll p o s s ib le  ty p es  ran g in g  from
d id  n o t d isp ro v e  the  e x is te n c e  o f m u l t i - s h e l le d  com plexes.
(v)
to where X i s  a  mono'
v a le n t  n e g a tiv e  l ig a n d , have been  found , ex cep t th e  mono-ammine (NH^)
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s e r ie s  which a re  a lm ost unknown save f o r  one i s o la t e d  re fe re n c e  to  th e  
compound Kg ^Cr(NH^)(CN)^| (2 7 ) , which was claim ed  to  be th e  p ro d u c t 
o f th e  r e a c t io n  betw een K  ^ J Cr(CN)gj and s i l v e r  n i t r a t e  in  ammoniacal 
s o lu t io n ,
The d i f f e r e n t  ty p es  a re  summarised i n  Table 1 ,
The sym m etrical e thy lened iam ine  (en ) and the  unsym m etrical p ro ­
pylenediam ine (pn) form more s ta b le  complexes w ith  chromium, owing to  
t h e i r  b id e n ta te  n a tu re . The C r-en complexes (sum m arised i n  Table 2) 
have been  w ide ly  s tu d ie d  by e a r ly  w orkers, n o ta b ly  by P f e i f f e r  and h is  
numerous w orkers (3 9 ) , though to  a  l e s s e r  e x te n t th a n  th e  co rresp o n d in g  
ammine (KH^) com plexes. A ll p o s s ib le  ty p es  have been  shown to  e x i s t  
ex cep t th e  type VI w ith  two n eg a tiv e  c h a rg es .
The Cr-pn complexes resem ble th e  co rresp o n d in g  ’en* complexes 
v e ry  c lo s e ly ,  though th e y  have n o t been w id e ly  in v e s t ig a te d .
The s a l t s  o f the  s e r i e s  j^Cr where Am = en, pn
a re  w e ll-d e f in e d  compounds v a ry in g  in  co lo u r from  ye llow  to  o range.
The b id e n ta te  diam ine complexes a re  more s ta b le  th a n  th e  hexammines 
which a re  u n s ta b le  to  l i g h t  and h e a t .  Thus th e y  a re  q u ite  s ta b le  to  
h e a t;  decom position , i n  some c a s e s ,  does n o t b e g in  even a t  200°C. The 
tem p era tu res  a t  which th e se  s a l t s  b e g in  to  decompose i s  dependent upon 
th e  an ions p re s e n t  o u ts id e  th e  c o o rd in a tio n  sphere (T able 3)*
mI
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TABLE 2
T incipal ty p es  of Mononuclear C r ( l l l ) ~ e n  complexes
b ca
I
I I
I I I
IV
V
VI
V II
\ Cr en-,
L 3
3+
LCr en2X2] +
X = G X ,Br,I,SC N ,i(C 20^)j
fc r  en2(H20 )x ]2+ 
X = OH, Br "
Cr en X, 1 “
X = scn, K c204 )
I 1
c r  X ,] 3“6 \
Cr en (K20)X,~j ‘ 
Z3 =
| C r  engC H gO jg] 3+ i
_Cr en(H20 ) 2X2] + j 
X = oh, c i , ^ ( c2o4 )
(due to Rollinson and Bailar (28) and O’Brien and Bailar (29))
j  Cr en-, i
L
^  j 3+? 
1 Cr p n ,; •;
1 j  x  1
y  j
X
\  Cr e n ,
? L .  O
°C °C jj °c
C h lo ride l6o° 175° fcy an e te 130°
Bromide 210° 195° j N i t r i t e
!
135°
Iod ide 200° -  j N itr a te
i
140°
Cyanide C\3 O O
j
-  { Sulphate
*|
210°
Thiocyanate
00H 110° J O m late 280°
\3+ ■Cr pn
°C
During th e  th e rm al decom position th e  an ion  may e n te r  th e  c o -o rd in a ­
t io n  sphere  w ith  th e  s tep w ise  d isp lacem en t of one, two o r  th re e  m olecu les 
o f th e  d iam ine. T h is c o n s t i tu te s  th e  b e s t  method o f  p re p a r in g  th e  d ia c id o  
com plexes.
P f e i f f e r  (30-33) has shown t h a t  decom position  of th e t r i s e th y le n e -  
diam ine c h lo r id e  g iv e s  th e  c i s - d i e h l o r o s a l t ,  w h ile  the  decom position  o f 
th e  th io c y a n a te  g iv es  th e  t r a n s - b is th io o y a n a to  s a l t .  R o llin so n  and 
B a ila r  (28 ,34) have s tu d ie d  th e  above r e a c t io n s  in  some d e t a i l  and have 
m odified  some of th e  o r ig in a l  m ethods. S im ila r ly , when j^Cr 
h ea ted  to  170°C, c i s  -  j Cr pn0C l3 , Cl i s  o b ta in e d  (29)*
-—  L  2 2J
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I .  1 (b ) Chromium Amines c o n ta in in g  o rthophosphate  o r o r th o a rse n a te
ij
The on ly  o rthophosphate  re p o r te d  in  the l i t e r a t u r e  i s  th e  hexammine
"t
phosphate , namely jCr(NBL)g \ PO^.ifH^O, which Jo rg en sen  (35 ) o b ta in e d  
by t r e a t in g  th e  co rrespond ing  n i t r a t e  w ith  sodium dihydrogen phosphate 
i n  p resen ce  o f an ex cess  o f  ammonia. I t  i s  p r e c ip i t a t e d  as ye llow  
n eed le s  which a re  s p a r in g ly  so lu b le  in  w a te r , b u t r e a d i ly  so lu b le  
in  a c id s . A pyrophosphate Na | c r ( NH^ ) g j  P g O ^ .l l^  ^2^* ^as ^ een 
o b ta in e d  as s i lk y  w h ite  f ib r e s  from  the  hexammine n i t r a t e  by th e  
a d d itio n  o f sodium pyrophosphate (39) •
In  s o lu t io n ,  th e  e x is te n c e  o f tw o -sh e lle d  complex io n s  w ith  f iv e  
n eg a tiv e  c h a rg es , e .g ,
[~Cr Amg ^ and ^Cr Amg(HAsO^)^^
where Am = NH^, i  en, ■§■ pn 
has been re p o r te d  by B r in tz in g e r  and Jahn  (1 7 ,1 8 ) by means o f d i a ly s i s  
ex perim en ts, w hich, however, have been  c r i t i c i s e d  by Spandau and 
Z i l le s s e n  (19 )•
No a tte m p t to  p rep a re  th e  o rth o p h o sp h a tes  o r o r th o a rs e n a te s  
o f Cr -  en or Cr -  pn complexes i n  th e  s o l id  s t a t e  has been  r e p o r te d .  
Nothing i s  known o f th e  e x is te n c e  of any chromium amine compounds 
co n ta in in g  e i t h e r  o rthophosphate  o r  o r th o a rs e n a te  as a  l ig a n d  w ith in  
th e  c o -o rd in a tio n  sp h e re .
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r  i  +d do complexes of type LCr Am JU )
Complexes o f th e  type  J Cr Am^XgJ * p ro v id e  th e  p o s s i b i l i t y  o f  
g eo m etrica l iso m ers, v i z . :
Am.
Am Am
X Amv— 4 —---7 X
Am z/J T  X ^ --------- p  - im
Am Am
o i s -  t r a n s -
In  a d d itio n  to  form ing geom etric  iso m e rs , jcr en£X2| + compounds a ls o  
form o p t ic a l  iso m ers, such as d - and 1 -  forms*
The t r a n s -  form i s  o p t ic a l ly  in a c t iv e .  As norm ally  p re p a re d  th e  
c i s  form  w i l l  be a  racem ate m ix tu re ,
2—When Xg r e p re s e n ts  a b id e n ta te  l ig a n d  such as  > o n ly
th e  c i s -  form e x i s t s ,  s in c e  i t  can on ly  span th e se  p o s i t io n s  because  
of i t s  s iz e .
The methods o f p re p a r in g  th e  d iac id o  complexes o f chromium 
amines can be d iv id e d  in to  two main c la s s e s :
( i )  By s u b s t i t u t io n  o f th e  re q u ire d  an ion  f o r  th e  aquo o r acido
l ig a n d  a lre a d y  p re s e n t  in  th e  complex w hich i s  g e n e ra l ly  o f th e  ty p e  
J^Cr A m ^ ,* !15* o r j^Cr Am^..!J n+, by t r e a t i n g  w ith  th e  a p p ro p r ia te
a c id  o r s a l t .
( i i )  By h e a tin g  compounds o f th e  iy p e J c r  Amgj X^ o r J Cr Am^ Xj X^ 
where th e  an ion  e n te r s  th e  c o -o rd in a tio n  sphere  w ith  th e  d isp lacem en t 
o f an e q u iv a le n t amine group,
-12 -
C lass ( i i )  i s ,  by f a r ,  th e  b e s t  method f o r  in tro d u c in g  th e  acido  
group in to  th e  complex c a t io n .  The v a rio u s  methods a re  summarised in  
Table if.
TABLE 4
. _ rj„
j^Cr M XJ  complexes
R eac tio n s  
b o i l
1 . |Gr(KHj)3Cl (C204 )j Br
c i s -  (g ree n )
2. (a )  [cr(HH3 )3Br(C204 ) j  !Cr(lffl3 )4  B r^j Br
c i s -  (g reen )
(b ) ,Cr(i:B3 )3Br5 ; { c r f c lH ^  B r^ j B r'
t r a n s -  ( r e d )
3 . (a )  [ c r ( m 3)4Cl(H20 ) jC l2 icr(MH3 )4 (SCN)2 j  Cl
(b r ic k - re d )
(b) !_Cr(NH3 )5C l j c i2
UNO.
[cr(HH3 )5 (H20 )j(N 03 ) ;
\
h e a t  w ith j HCCUH 
» *
•k
iCr(HH3 ) 4 ( c 2°4 ) J NO
R eferences
S c h le s in g e r  and 
R ic k ie s  (45)
Ob) 'lCr(NH3 )5 (SCN)J (SCN) 2 j ^ ^ r s jCr(NH3 )4 (SCN)2 j(SCN)
(N H ,)?C„0, . |
4 . (a )  |Cr(BH J^cKHgO) j C l ,  ^  ^  S  j C r ^ C ^ j H O j I
J
P f e i f f e r  and 
T ilg n e r  (46)
W erner (47)
P f e i f f e r  and 
B asci (48)
W erner and co­
w orkers (49)
/Contd...
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Table 4  (Con t d , )
R eac tions
5 . ( a )  jC r en2(H20 )2 |C l2 HC1
a 4» i«\ nsteam h t .
j Cr en^Clg j Cl j P f e i f f e r  and 
| s tu d e n ts  (30-33) 
o is -  ( in a c t iv e )  j a lso  R o llin so n
| and B a i la r (2 8 ,3 4 )
160°(b) 1 Cr en2 i C l, —“—  4 ^ ^  |C r en0C l0 | Clv '  L 3 | 3 s e v e ra l  days - 2 2 A
c i s -  ( in a c t iv e )
(c )  <Cr en2(C20^) J C l conc> HCly. I Cr en2Cl2 j Cl
yellov; c i s - ( v i o l e t )  ( in ­
a c t iv e )
(d) \ Cr en (SCN) S (SCN) C122 v^ v 2j 
t r a n s -
W erner (30)
sCr en9C l9j C1,HC1.2H20! P f e i f f e r  and Koch2 21 
t r a n s -
! 100°
| Cr en2C l2 \ Cl 
t r a n s -  (g ree n )
6 . (a) jcr en2(H20)BrjBr.2 [cr e^ B r 2~| Br. H.,0
] 120°
(b) ’[Cr en2(H20.)Brj Br,
HgBr,
[c r  en2Br2]  Br
c i s -  ( v io l e t )
jcr en2Br2j jjig Br.
(33) R o llin so n
and B a i la r  ( 28) 
L inhard  and 
W eigel (51)
P f e i f f e r  and 
Trieschm ann
(5 2 ,5 3 )
P f e i f f e r  (54)
|^conc.HBr 
t r a n s -  \g r  en2B r2 j  Br
/Contd...
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Table 4  (C o n td .)
R eac tions 
"Hgl,
j R eferences
7. jC r en2(H20) I  j ig jC r en2I 2 ( c r  an2l [ J l ]  P f e i f f e r
, / v  and Lando(55) t r a n s  - ( g re e n ;  x 7
8 . ( a )  c i s -  jC r en2 (H20 ) 2|B r3
' " ' ' 3  j Cr en2(SCN)2 ^(SCN)
KSCN ^
(b) c i s -  | Cr en2 (H20 ) B r j  Br2 c i s -
(c )  |C r  en3j(S C N )3 [<* en2 (SCN)2j  (3CH)
t r a n s -
9 . (a)  [C r engCCgO^)]
HC1
ICr en2C l2 ~| Cl 
c i s -
(D) K /LCr(C204 )3] + en + KI — j c r  en2(C204 )J  I
P f e i f f e r  and
co-w orkers
(3 3 ,3 6 )
R o llin so n  and 
B a i la r  (34)
t
j Werner and 
I Schwarz (56)
From the su rvey  o f th e  l i t e r a t u r e  re p o r te d  i n  the  p reced in g  s e c tio n , 
very  l i t t l e  i s  known o f th e  chromium amine p h o sphates o r  a r s e n a te s ,  
except (35) and th e  tw o -sh e lle d  complexes of B rin tz in g e r
(1 7 ,1 8 ) , whose e x is te n c e  has been  q u e s tio n ed  (1 9 ) , though the  h a l id e s ,  
su lp h a te s  and even some c a rb o n a te s  and o x a la te s  a re  w ell-know n. T his i s  
in  c o n t r a s t  to  th e  aquochromium s e r ie s  on which work has been c a r r i e d  ou t 
bo th  in  s o lu t io n  and in  th e  s o l id  s ta te *
Though some s tu d ie s  have been re p o r te d  f o r  th e  chromium phosphates 
(57“*62), Salmon and h i s  school undertook  a sy stem a tic  s tu d y  o f th e se  
compounds. By c a r ry in g  ou t phase-d iagram  and ion-exchange s tu d ie s  o f th e  
system :
Cro0* -  Po0c -  Ho0 a t  0 ° , 40° and 70°2 3 2 5 2 3
Salmon and co-w orkers ( 63- 65) o b ta in e d  th e  fo llo w in g  compounds :
At 0°G ljCr(H 0)^  I P0, b u t absence o f  c a t io n ic  o r an io n ic
phosphato-com plexes*
At 40° L?r ( p®2|.)2 a<1 1 ^ » l? r  a<1Ji * an<i Prok ab ly
[C r H2P0v  a q j  2+
At 70°C ^ H2P04 " (Cr W0 )^n ~ Cr ~ H2P04j **
where n = 0, 1 , 2, 3 ° r  6 .
Simon and Baum gartel (66 -68) have c a r r ie d  o u t a  sy stem atic  s tudy  o f  
the  chromium a r s e n a te s  and have shown th a t  th e  s t r u c tu r e  jCrfHgOjgj  AsO^.HgO 
corresponded  to  th e  v io le t - g r e y  w e ll-d e f in e d  m o d if ic a tio n , w hich on c o n ta c t  
w ith  w ater i s  co n v e rted  in to  an em erald -g reen  s o lu t io n  c o n ta in in g  complex
-16-
sp ec ie s  o f th e  type  [pr (H20 )n HAsO^"] +.
By u s in g  a s im i la r  approach as f o r  th e  chromium p h osphates, Salmon 
and co-w orkers (69 ) made an a ttem pt to  s tudy  th e  CrgO^ -  As^O,. ~ ^2^ sys ^em 
a t  25°C# They i s o l a t e d  a  v i o l e t  s o l id  co rresp o n d in g  to  the  s t r u c tu r e  
|Cr(H20)^jAs0^w hich  a p p a re n tly  was more s ta b le  th an  th e  monohydrate 
o b ta in ed  by Simon and B aum gartel. The work in d ic a te d  th e  e x is te n c e  o f 
complex sp ec ie s  in  s o lu t io n  and complex s o l id s  w ith  p o ly n u c le a r s t r u c tu r e s  
having  e i th e r  OH o r  AsO^ b r id g e s  o r  b o th .
In  th e  f i e l d  o f th e  chromium amine com plexes, no phosphato o r  
a r s e n a to -  complexes in ? /h ic h  PO^ o r AsO^ i s  p re s e n t  in  the c o -o rd in a tio n  
sphere bound to  th e  c e n t r a l  m eta l atom havebeen p re p a red  e i t h e r  in  s o lu t io n  o r  
3n th e  s o l id  s t a t e .  However, s in ce  th e  ch em istry  of C r ( l l l )  b e a rs  a  c lo s e  
s im i la r i ty  to  th a t  o f C o ( i l l )  and R u ( l l l )  where phosphato-com plexes have 
been re p o r te d  by D aniel and Salmon (37) and by Mayer (38) ,  i t  i s  l i k e l y  
th a t  such complexes a re  capab le  o f e x is te n c e  and a com parison would be 
v a lu a b le .
In  o rd e r to  pave th e  way to  th e  s tudy  o f such com plexes, i t  i s  a  
lo g ic a l  approach f i r s t  to  a tte m p t th e  p re p a ra t io n  o f th e  p h o sphates and 
the  a rs e n a te s  o f th e  type  j Cr Amg| u s in g  th e  v a r io u s  g e n e ra l methods 
suggested  in  th e  l i t e r a t u r e .
S ince th e  th e rm al decom position  o f th e se  compounds, once s u c c e s s fu l ly  
p rep a red  and c h a r a c te r is e d ,  p ro v id e s  a  good method o f in tro d u c in g  an  acido  
lig a n d  ?<dthin th e  c o -o rd in a tio n  s h e l l ,  i t  ¥rould be o f  va lue  to  s tu d y  t h i s
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method in  some d e ta i l*
Owing to  th e  f a c t  t h a t  th e  h id e n ta te  l ig a n d s ,  such as ’e n 1, !p n f , 
form more s ta b le  complexes th a n  th e  l ig a n d , th e  p re s e n t work has been  
c a r r ie d  out e x c lu s iv e ly  on th e  study o f th e  (Cr e n ^  and [c r  pn? ] 3+ 
complexes, w h ich  a re  c laim ed  to  decompose th e rm a lly  in  th e  f i r s t  in s tan ce ,, 
thus ; -
J~Cr en^  ^X^  —~ — » [cr en2 x j  X + en
; Cr i  n^ j X  ^  I Cr pn2 X + pn.
The main b a s i s  o f t h i s  work i s ,  th e r e f o r e ,  ;
(a ) to  a ttem p t th e  p re p a ra t io n  o f ^Cr en^J and jjCr pn^ 
o rth o p h o sp h a tes  o r  o r th o a rs e n a te s ,
(b ) to  c a r ry  ou t th e rm o g rav im etric  s tu d ie s  o f th e se  compounds o b ta in e d ,
(c ) to  g a in  any in fo rm a tio n , from the  the rm o g rav im etric  r e s u l t s ,  as
re g a rd s  s t a b i l i t y  and th e  p o s s i b i l i t y  o f th e  in tro d u c t io n  o f a
p h o sphato - o r  a rse n a to  -  l ig a n d  in to  th e  c o -o rd in a tio n  sp h e re ,
(d) At a l l  s ta g e s  to  c h a r a c te r i s e ,  by u s in g  a p p ro p r ia te  m ethods, any 
compounds p rep a red .
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I>3» Scope o f Work
V arious methods have been used in  th e  a tte m p ts  to  p rep a re  th e  phos­
p h a tes  o r  th e  a rs e n a te s  o f [ c r  en^ j  j Cr pn^ j ^+ . These in v o lv e
th e  double decom position  re a c t io n s  o f  th e  more common jC r  en^ j X^ or
[Cr  p n J  X^ where X = h a lid e s  o r  -J SO^, w ith
(a )  o rthophosphoric  o r  o r th o a rs e n ic  a c id ,
(b ) th e  th re e  ty p es  o f ammonium o r  a lk a l i  o rtho p h o sp h a tes  o r  o rth o ­
a rs e n a te s  ( i . e .  p rim ary , secondary , o r  t e r t i a r y ) ,
(c )  the  s i l v e r  o rthophosphate  o r  o r th o a rse n a te  ( t e r t i a r y ) .
The compounds s u c c e s s fu lly  p re p a red  were s u b je c te d  to  :
( i )  Chemical a n a ly s is  -  to  o b ta in  an id e a  o f t h e i r  fo rm u la tio n s  and 
s t r u c tu r e s .
( i i )  Therm ogravim etric in v e s t ig a t io n s  -  to  fo llo w  t h e i r  p y ro ly s is  
cu rv es  and to  g a in  in fo rm a tio n  on t h e i r  th e rm a l s t a b i l i t i e s .
( i i i )  S p ec tro p h o to m etric  s tu d ie s  -  o n ly  a  q u a l i t a t iv e  tre a tm e n t was 
a ttem p ted  to  enab le  t h e i r  s t ru c tu re s  to  be confirm ed , by com parison 
w ith  th e  a b so rp tio n  cu rves (U.V. o r V i s . ) m easured f o r  known 
compounds o f th e  ty p e  £ c r enj J  jjG** J n3 |^
( iv )  O ther m ethods, such a s  i n f r a - r e d  and X -ray  powder s tu d ie s  -  These 
were used  as  a  supplem ent to  thermo g ra v im e tr ic  s tu d ie s , e s p e c ia l ly  
f o r  th e  i d e n t i f i c a t i o n  o f  th e  p ro d u c ts  o f decom position a t  v a r io u s  
s ta g e s .
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I .  k and t h e i r  d isc u ss io n
The methods o f s tudy  employed in  t h i s  work were :
(a )  Chem ical a n a ly s is
(b ) Therm ogravim etry
(c )  S pectrophotom etry
(d) O ther Methods (X -ray and in f r a - r e d  s tu d ie s )*
P r io r  to  an in v e s t ig a t io n  o f any k in d  on the  s o l id s  p rep a red  by 
th e  v a rio u s  methods t h a t  w i l l  be o u tl in e d  in  th e  t e x t ,  th e  compounds were 
a l l  analysed* In  every  case  s ta n d a rd  methods were employed (8 9 ,9 0 ) w ith  
s u i ta b le  m o d if ic a tio n s  f o r  th e  p a r t i c u l a r  compound under study*
The o p e ra tio n  o f fo llo w in g  the  change in  w eight o f  a  h e a te d  body 
as a  fu n c tio n  o f  tem p era tu re  and o f tim e has been  known f o r  an ex trem ely  
long  time* The c l a s s i c a l  "d is c o n tin u o u s” method o f re p e a te d  h e a tin g  t«  
a p red e term in ed  tem p era tu re , and w eighing a f t e r  c o o lin g  down to  room 
te m p era tu re , i s  n o t only  le n g th y  and te d io u s , b u t a ls o  s u f f e r s  from  a 
number of drawbacks, of which the main ones are :
( i )  The p o s s ib le  up take  o f a tm ospheric  m o is tu re  d u rin g  th e  p ro c e ss  
o f c o o lin g  and w eigh ing .
( i i )  The p o s s i b i l i t y  t h a t  th e  r e a c t io n ,  once i n i t i a t e d  a t  a  p a r t i ­
c u la r  te m p e ra tu re , would n o t cease  im m ediate ly  on c o o lin g  th e  
sam ple, so t h a t  th e  w e ig h t re c o rd ed  would n o t be a t ru e  m easure o f
I* A-(a )
. A* H is to r ic a l  Review
th e  w e ig h t a t  th e  tem p era tu re  fo r  w hich d a ta  was re q u ire d .
The r e l a t i o n  between th e  mass o r mass change o f a h ea ted  body and 
th e  tem pera tu re  (o r  tim e) i s  no rm ally  ex p re ssed  g ra p h ic a lly  by p lo t t in g  
th e  tem pera tu re  o r tim e as the  a b sc is s a  and th e  mass o r mass change as 
th e  o rd in a te .  The r e s u l t in g  graph i s  o f te n  c a l l e d  th e  ’heating*  *r 
’p y r o ly s is ’ cu rv e . Numerous a ttem p ts  have been made to  improve th e  ted io u s  
method o f re p e a te d  h e a tin g , co o lin g  and w eigh ing . T his was done by in ­
c o rp o ra tin g  an o rd in a ry  a n a ly t ic a l  b a lan ce  to  an e l e c t r i c  fu rn ac e , in  such 
a way th a t  th e  w eight o f a  body be in g  h e a te d  cou ld  be o b ta in e d  in  a  d i r e c t  
manner a t  th a t  p a r t i c u l a r  te m p e ra tu re . In  t h i s  way a ’c o n tin u o u s’ 
p y ro ly s is  curve co u ld  be o b ta in e d  more a c c u ra te ly  and much more q u ic k ly . 
T herefo re  th e  r i s k  o f m o is tu re  up take from th e  atm osphere w h ile  c o o lin g  
would be m inim ised.
The name therm obalance (72) was g iven  to  th e  a p p a ra tu s  employing 
th e  a n a ly t ic a l  b a lan ce  connec ted  to  a fu rn a c e . Follow ing th e  in v e s t ig a ­
t io n s  of Honda and h is  s tu d e n ts ,  the work o f G-uichard and h is  p u p i ls  (75) 
and th e  c o n s tru c tio n  by Chevenard (73) o f au tom atic  in s tru m e n ts , a  new 
f i e l d  of s tu d y  known as therm ograv im etry  began to  take  shape.
Therm ogravim etric a n a ly s is  f in d s  numerous a p p l ic a t io n s  in  m e ta llu rg y  
and i n  a l l  th e  th re e  b ran ch es  o f ch em istry  a s  w e ll  as i n  a n a ly t ic a l  chem istry  
B. P r in c ip le s  and Techniques
In  o rd e r t h a t  maximum b e n e f i t  may be d e riv e d  from  in v e s t ig a t io n s  in  
t h i s  f i e l d ,  th e  therm obalance m ust p o sse ss  c e r t a in  req u irem en ts , th e  main
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ones be in g  :
( i )  th a t  th e  therm obalance should  be ab le  to  r e g i s t e r  th e  w e ig h t 
o f th e  m a te r ia l  under t e s t  as a  fu n c tio n  o f bo th  time and tempera­
tu r e ,
( i i )  th a t  th e  accu racy  should  be w ith in  -  0 .1  mg in  re c o rd in g  
w eigh t and w ith in  -  1°C in  re c o rd in g  te m p e ra tu re ,
( i i i )  t h a t  th e  sample should  be f r e e  from  a l l  p o s s ib le  in te r f e r e n c e s  
such as r a d ia t io n  and co n v ec tio n  c u r r e n ts ,  m agnetic e f f e c t s ,  e .g .  
due to  the w inding of th e  c o i l  in s id e  th e  fu rn a c e ,
( iv )  t h a t  th e  p o s i t io n  o f th e  c ru c ib le  w ith in  th e  fu rn ac e  shou ld  be 
always th e  same, so t h a t  th e  tem p era tu re  re c o rd ed  co rresponds to  
th e  c o r r e c t  tem p era tu re  o f th e  m a te r ia l ,  and t h a t  the tem p era tu re  
cou ld  be e a s i ly  checked by independen t means,
(v ) t h a t  th e  fu rn ac e  may be equipped to  a llow  f o r  th e  h e a tin g  in  
vacuum as w e ll  as in  v a r io u s  g a se s ,
( v i )  t h a t  as w ide a range o f tem p era tu re  as p o s s ib le  may bo o b ta in e d ,
e .g .  from room tem peratu re  to  1500°C,
( v i i )  th a t  a llow ances be made f o r  v a r ia t io n s  in  th e  r a te  o f h e a tin g  
to g e th e r  w ith  au tom atic  c o n tro l  o f th e  programme,
( v i i i )  t h a t  th e  b a lan ce  be ad eq u a te ly  p ro te c te d  from  th e  fu rn a c e  
and th a t  th e  w ear o f th e  k n ife  edges and o th e r  moving p a r t s  i s  r e ­
duced to  a  minimum and accu racy  o f w eighing i s  a ssu red ,
( ix )  t h a t  th e  therm obalance can be  p e r io d ic a l ly  checked to  en su re  
accuracy  o f o p e ra t io n .
W ith a thennobalance in c o rp o ra tin g  a l l  th e se  f e a tu r e s ,  th e  therm al 
decom position  o f  m a te r ia ls  w i l l  depend p r im a r i ly  on th e  r a t e  o f h e a tin g , 
and th e  tem p era tu re  a t  which decom position b e g in s , in  tu r n ,  depends on 
c e r t a in  p h y s ic a l f a c to r s ,  such as :
( i )  th e  amount and th e  p a r t i c l e  s iz e  of th e  m a te r ia l ,
( i i )  th e  way in  which the m a te r ia l  i s  packed,
( i i i )  th e  s iz e  and shape o f th e  c ru c ib le ,
( iv )  th e  a c tu a l  atm osphere su rround ing  the  sample.
These f a c to r s  a re  v e ry  im p o rtan t i f  th e  in v e s t ig a t io n  i s  concerned  
w ith  k in e t i c  measurem ents o r  th e  s tu d y  o f  r e a c t io n s  in  the  s o l id  s t a t e .
C The Thermobalance
A few  ty p es  o f therm obalances have been  d e sc r ib e d .
( i )  The Honda Thermobalance
A pparen tly  th e  e a r l i e s t  type was designed  by Honda in  1915 (7 2 ) . 
The Honda therm obalance c o n s is te d  o f a b a lan ce  w ith  a q u a rtz  beam. One 
arm o f  th e  beam c a r r ie d  a p o rc e la in  d is h  in s id e  an e l e c t r i c a l l y  h e a te d  
fu rn a c e . The o th e r  arm c a r r ie d  a s p i r a l  sp rin g  w hich was immersed in  
an o i l  b a th  in  a  Dewar f l a s k .  A damper was a lso  a t ta c h e d  to  t h i s  s id e  
o f th e  beam.
S h ib a ta  and Kukushima (74) improved Honda’s therm obalance in  o rd e r  
to  e lim in a te  h y s te r e s i s  o f th e  sp rin g  and in te r r u p t io n  o f th e  measurement 
during  th e  s u b s t i t u t io n  o f  one c a l ib r a t io n  w eigh t by  a n o th e r .
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( i i )  The G-uichard Thermobalance (75 ,76 )
G-uichard and h is  p u p ils  were m ainly concerned  w ith  g e t t in g  a l i n e a r  
r i s e  in  tem p era tu re  w ith  r e s p e c t  to  tim e . In  th e  o r ig in a l  G-uichard 
therm obalance (7 5 ) , th e  b a lan ce  beam c a r r ie d  a t  one end a long  f i la m e n t 
su p p o rtin g  a c ru c ib le  which was h ea ted  by means o f a gas b u rn e r , and a t  
th e  o th e r  end a p lu n g er i n  a  U -tube c o n ta in in g  o i l .  The tem p era tu re  o f 
th e  h ea ted  body was measured by a therm ocouple. The l# s s  in  w eight was 
b a lan ced  by an a d d itio n  o f o i l  to  th e  U -tube, and th e re b y  in c re a s in g  th e  
buoyancy.
To e lim in a te  th e  co n v ec tio n  c u r re n t  e f f e c t ,  R ig o l le t  (78) i n t r o ­
duced th e  ’in v e r te d ' fu rn ac e  w ith  the  opening a t  th e  bo ttom . L ater, 
G uichard s u b s t i tu te d  an e l e c t r i c  fu rn ace  f o r  th e  gas h e a tin g  and Dubois (77) 
s e t  up th e  f i r s t  ap p a ra tu s  en ab lin g  a co n tinuous pho tograph ic  re c o rd  to  be 
made.
( i i i )  The Chevenard Thermobalance
This was d esig n ed  in  1944 (73) o r ig in a l ly  f o r  th e  s tu d y  o f  dry  
c o rro s io n  o f  m e ta ls . Chevenard in tro d u c e d  th e  b i f u n ic u la r  su sp en sio n  
beam system  i n  p la c e  o f th e  k n if e  edge and a g a te  p la te s  o f a  norm al b a lan ce , 
w hich co u ld  be b lu n te d  by  co n tin u o u s  c o n ta c t betw een them and s h i f t e d  ou t 
o f p o s i t io n  by  v ib r a t io n .
In  th e  Chevenard therm obalance , u se  was made « f  th e  b e ll- s h a p e d  
fu rn ace  w ith  opening a t  th e  bottom  to  e lim in a te  c o n v ec tio n  c u r r e n t  e f f e c t s .
The duralondn becmwas su p p o rted  by two s e t s  o f tu n g s te n  w ire s .  At
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one end th e  beam c a r r ie d  a  v e r t i c a l  s i l i c a  ro d  having  a  c r u c ib le  h o ld e r 
a t  th e  to p  end o f th e  ro d . T his v?as b a lan ced  by a c o u n te rp o ise  a t  th e  
o th e r  end o f th e  beam, w hich a lso  c a r r ie d  a  m ir ro r  from  w hich a w e l l -  
diaphragm ed in c id e n t  ra y  o f l i g h t  was r e f l e c t e d  on a p h o to g rap h ic  pap er 
wrapped round a re v o lv in g  c y l in d e r .  The w inding o f th e  e l e c t r i c  
fu rn ace  was b i f i l a r  in  o rd e r  to  e lim in a te  any m agnetic e f f e c t s  due to  
th e  c u r r e n t .  The tem p e ra tu re  was m easured by a p latinum -rhodium  
therm ocouple.
D if fe re n t  p red e term in ed  r a t e s  o f h e a tin g  were p ro v id ed  by d i f f e r e n t  
r o ta t in g  drum d e v ic e s , c a l l e d  g u id e s .
The pho tog raph ic  re c o rd e r  was la te i ’ re p la c e d  by a  p e n -re co rd in g
d ev ice .
( iv )  The "S ta n to n ” Thermobalance
The au tom atic  d i r e c t  re c o rd in g  "S tan to n ” therm obalance, model 
HT-M (79) was u sed  th ro u g h o u t th e  p re s e n t  s tu d y . The main fe a tu re s  
o f t h i s  b a lan ce  a re  :
( a )  A m o d ified  form  of "S tan to n "  a n a ly t i c a l  b a la n c e , which i s  
f i t t e d  w ith  an au tom atic  tim in g  device f o r  c o n tro l l in g  p e r io d ic  
a rre s tm e n t and a c tio n  o f th e  b a lan c e  ( in  o rd e r  to  p r o te c t  th e  k n ife  
edge and th e  ag a te  p l a t e  as w e ll as to  r e p o s i t io n  th e  beam b e fo re  
v ib r a t io n  can  cause d r i f t  which would in v o lv e  e r r o r s  i n  r e a d in g s ) .  
The b a la n c e  can to  a  l im i te d  e x te n t "weigh by i t s e l f ” and p ro v id e  
an a c c u ra te  tim ing  re c o rd  on th e  c h a r t .
-25 -
(b ) A b i f i l a r  wound fu rn ace  w ith  opening a t  th e  bo ttom . The top  
i s  c lo se d  by a  deep alum ina f la n g e d  p lu g ,
(c )  The tem p era tu re  i s  m easured by a p la tinum /rhodium  therm ocouple 
whose h o t ju n c tio n  i s  always lo c a te d  c lo se  to  th e  s id e  of th e
w a ll of th e  fu rn a c e  and reach es  alm ost to  th e  l e v e l  o f th e  substan ce  
be ing  h e a te d .
(d ) The fu rn ac e  c o n tro l  i s  accom plished by a v a r ia b le  h igh /low  
sw itch in g  o p e ra te d  by a m o to r-d riv en  cam.
(e )  The d i f f e r e n t  r a t e s  o f h e a tin g  a re  determ ined  by a programme 
c o n tro l  cam d riv e n  by th e  in te rc h a n g e a b le  synchronous m otor p an e l
8 -  fn d  12-hour ru n s  b e in g  commonly employed in  th e  p re s e n t  
s tu d ie s ) .
( f ) There a re  two re c o rd in g  p en s, one f o r  re c o rd in g  th e  change in  
w eigh t and a lso  th e  tim e , w h ile  th e  o th e r  re c o rd s  fu rn ace  
te m p e ra tu re s .
(g ) These re c o rd in g s  a re  tr a c e d  on a c h a r t  w hich i s  d riv en  by i n t e r ­
changeab le  synchronous m otors i n  co n junction  w ith  a  th re e -s p e e d  g e a r  
box. The c h a r t  i s  g ra d u a ted  f o r  te m p e ra tu re  re a d in g  from  0° to  
1400°C (accu racy  re a d a b le  w ith in  5°C) and f o r  w eight changes 
capab le  o f re a d in g  up to  0 .0 5  mg.
In  in te r p r e t in g  c h a r t  re c o rd s , a v e r t i c a l  l i n e  in d ic a te s  c o n s ta n t 
w eigh t o r  te m p e ra tu re . On th e  vreight re c o rd , th e  h o r iz o n ta l  l i n e s  
drawn tow ards th e  c e n tre  from e i t h e r  s id e  in d ic a te  o p e ra tio n  o f th e
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p e r io d ic  tim e device ( in  t h i s  c a se , every  f iv e -m in u te  i n t e r v a l ) .
A com plete l in e  drawn a c ro ss  th e  same c h a r t  in d ic a te s  th e  a d d it io n  
o r  rem oval o f 10 mg. by th e  e l e c t r i c  w eigh t lo a d e r .
D. Therm ogravim etric R e su lts  and T h e ir I n te r p r e ta t io n
From th e  c h a r t  re c o rd s , th e  a c tu a l  w e ig h ts  (o r  lo s s e s  i n  w eigh t) 
of th e  m a te r ia l  under in v e s t ig a t io n  a re  ta b u la te d  a long w ith  th e  c o r re s ­
ponding tim es and te m p e ra tu re s , a f t e r  a p p ro p r ia te  c o r r e c t io n s  f o r  buoyancy 
have been  a p p lie d  from  a  p rev io u s  b lan k  ru n . The r a t e  o f w eigh t lo s s  
i s  a lso  e v a lu a te d  ( in  th e  p re s e n t s tu d ie s  th e  lo s s  in  mg. p e r  f iv e  
m inutes i s  ta k e n ) .
Thermo g ra v im e tr ic  curve (T.G-.curve)
The "c o rre c te d "  a c tu a l  w eight (o r  lo s s  in  w eigh t) as o rd in a te  i s  
p lo t te d  a g a in s t  th e  tim e o r  tem p era tu re  as a b s c is s a  to  g ive  a p y ro ly s is *  
curve o r  thermo g ra v im e tr ic  cu rv e , w hich i s  a b b re v ia te d  as T.G -.curve. The 
fo llo w in g  f e a tu r e s  may be re c o g n ise d  :
( i )  A h o r iz o n ta l  p o r t io n ,  which i s  term ed a p la te a u ,  in d ic a te s  
c o n s ta n t w e ig h t. Throughout a  p la te a u ,  th e  body b e in g  h ea ted  
ex p e rien ces  no changes in  w eigh t and may be assumed to  have a con­
s t a n t  com position . T here fo re  use  i s  made of re a d in g  a c c u ra te ly  
th e  decom position  tem pera tu re  o f a body by n o tin g  th e  p o in t a t  
which th e ,c u rv e  d e v ia te s  from  th e  h o r iz o n ta l .
( i i )  The s te e p n e ss  o f th e  curve in d ic a te s  th e  degree of th e  r a te  o f 
lo s s  o f w eigh t o f  th e  body b e in g  h e a te d : th e  s te e p e r  th e  curve
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th e  g r e a te r  i s  the  r a t e  lo s s ,
( i i i )  An in f le x io n  on the T.G-. curve may im ply th e  fo rm atio n  o f 
an in te rm e d ia te  compound a t  t h a t  p a r t i c u l a r  tem p era tu re . I t  can 
a lso  be caused by a sudden change in  th e  r a te  of h e a tin g . There­
fo re  c a re  shou ld  be tak en  in  in te r p r e t in g  an ’in f l e x io n 1 on th e  
cu rv e .
The com position  of th e  m a te r ia l  under t e s t  g iv in g  r i s e  to  a  p la te a u  
o r an in f le x io n  can be c a lc u la te d  by re fe re n c e  to  a  f ix e d  p la te a u  which 
re p re se n ts  a known p ro d u c t (norm ally , th e  o r ig in a l  or th e  f i n a l  p ro d u c t 
i s  tak en  a s  r e f e r e n c e ) .  T h is  i s  th e  b a s i s  of the techn ique o f au tom atic
D if f e r e n t ia l  Therm ogravim etrie Curve (D.T.G-, cu rve) 
The ToG-. curve r e a d i ly  le n d s  i t s e l f  to  d i f f e r e n t i a l  in t e r p r e t a t i o n .  
By p lo t t in g  th e  r a t e  lo s s  in  w eigh t p e r  u n i t  tim e (o r mg, lo s s  p e r  f iv e  
m inu tes) as o rd in a te  a g a in s t  th e  tem p era tu re  as a b s c is s a  g iv e s  a d i f f e r ­
e n t i a l  thermo g ra v im e tr ic  curve o r sim ply D.ToG-, c u rv e . I t  i s  i n  g e n e ra l 
more a c c u ra te  and more in fo rm a tiv e .
In  a  DoT.G-, cu rv e , two c h a r a c t e r i s t i c s  s ta n d  ou t :
( i )  The peak, w h ich  co rresponds to  a p e in t  on th e  curve having  
th e  g r e a te s t  s lo p e . I t  in d ic a te s  th e  tem pera tu re  (o r  tim e) a t  
which th e  r a t e  lo s s  i s  a  maximum.
( i i )  The tro u g h , which co rresponds to  a p la te a u  o r  a p o in t  o f in ­
f le x io n  hav ing  minimum slo p e  on th e  corresponding 'T .G -. c u rv e . When
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i t  co rresponds to  a p la te a u  th e  tro u g h  i s  h o r iz o n ta l  and l i e s  on 
th e  tem pera tu re  a x is .  I t  th e re fo re  in d ic a te s  a  m a te ria l, o f con­
s ta n t  w eight o r com position . When i t  co rresponds to  a  p o in t  o f 
s m a lle s t s lo p e , i t  i s  above th e  tem peratu re  a x is .
E A p p lic a tio n s
\ ' - 
Therm ogravim etric a n a ly s is  f in d s  many u s e fu l a p p lic a t io n s  i n
v a rio u s  f i e l d s  o f ch em istry , e * g .:
( i )  A n a ly tic a l  C hem istry.
( i i )  P h y s ic a l C hem istry .
( i i i )  O rganic C hem istry.
( iv )  In o rg an ic  C hem istry .
( i )  A n a ly tic a l  Chem istry
Japanese  w orkers a p p a re n tly  were th e  f i r s t  to  app ly  therm ograv i­
m e tric  a n a ly s is  f o r  a n a ly t ic a l  p u rp o ses . Kobayashi (82)h as  p u b lish e d  a 
rev iew  in c o rp o ra tin g  r e s u l t s  o b ta in e d  p r in c ip a l ly  by th e  Jap a n e se .
In  F rance , Duval ( 83 ) and h i s  team undertook  th e  ta sk  o f check ing  
the  d ry in g  tem p era tu res  o f a la rg e  number of g ra v im e tr ic  p r e c ip i t a t e s .
In  th e  cou rse  o f t h e i r  work, Duval was ab le  to  c o r r e c t  a number of d a ta  
which were w rongly o r  vaguely  re c o rd ed  in  th e  l i t e r a t u r e ,  t h e  c r i t e r i o n  
f o r  a  s u i ta b le  p r e c i p i t a t e  be ing  t h a t  i t  p o ssessed  a  w e ll-d e f in e d  p la te a u  
over a wide range o f tem p era tu re  co rresp o n d in g  to  a  d e f in i te  com position . 
He was a b le  to  in tro d u c e  th e  new tech n iq u e  o f ” au tom atic  th e rm o g rav im etric  
a n a ly s is ” , in  vvhich p re v io u s  i s o l a t i o n  o f th e  su b stan ce  to  be determ ined
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i s  un n ecessa ry , th e  su b stan ces  b e in g  c h a r a c te r is e d  from th e  in t e r p r e t a t i o n  
of the  p y ro ly s is  curve (see  l a t e r  i n  S ec tio n  I I I ) .
the  h e a tin g  and ig n i t io n s  o f m a te r ia ls  in  some g ra v im e tr ic  d e te rm in a tio n s ,
( i i )  P h y s ic a l Chem istry
Therm ogravim etric a n a ly s is  can  be a p p lie d  to  th e  s tu d y  o f s o l id -  
s o l id  tra n s fo rm a tio n s , such a s , in  (a )  r e a c t io n  k in e t i c s  and r e a c t io n  
mechanisms, (b )  phase r e la t io n s h ip s ,  (c )  su rfa c e  a d so rp tio n , and (d) 
c a ta ly t i c  e f f e c t s .
As y e t  l i t t l e  work i n  th e se  f i e l d s  has been  p u b lish e d , p ro b ab ly  
due to  th e  u n c e r ta in t ie s  o f such m a tte rs  08 th e  e f f e c t  of d i f f e r e n t  
shapes o f c ru c ib le s  on the  r e s u l t s  o b ta in e d , on th e  amount and s iz e  o f 
m a te r ia l  and on th e  way th e  m a te r ia l  i s  packed. Of p a r t i c u l a r  i n t e r e s t  
i s  th e  a p p l ic a t io n  o f  thermo a n a ly t i c a l  te ch n iq u es  to  r e a c t io n  k i n e t i c s .  
E quations were d e riv e d  f o r  i r r e v e r s i b l e  r e a c t io n s  which may be used to  
c a lc u la te  th e  energy  o f  a c t iv a t io n  and th e  o rd e r o f a  r e a c t io n  from 
therm ograv im etric  r e s u l t s .
The k in e t i c s  o f d eh y d ra tio n  o r decom position  can be  s tu d ie d  by th e  
method b ased  on th e  thermograms developed by  Freeman and C a r r e l l  (97) 
who d e riv e d  th e  e q u a tio n  :
Beamish and McBryde (84) made a few u s e fu l  c o n tr ib u t io n s  concern ing
-  E * .  A  ( § )
2 .3 E  A  lo g  Wr lo g  Wp
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where E* i s  th e  a c t iv a t io n  energy  o f r e a c t io n ,
x  ” ” o rd e r o f r e a c t io n *
T " ” a b so lu te  tem p e ra tu re .
R ff n g e n e ra l gas c o n s ta n t.
W = W -  W, where W i s  th e  w e ig h t lo s s  a t  th e  com pletion  of re a c t io n ,V 0 0
and W th e  t o t a l  w eigh t lo s s  up to  tim e t .
The p lo t  o f ^  lo g  ( | | )  a g a in s t  A  ( | )  g iv in g
A  lo g  W 2 .3  E A  lo g  W„r  r
a  l i n e a r  g raph , from  which x  ( th e  i n te r c e p t )  and E *(the s lo p e  o f graph)
can be e v a lu a te d ,
A review  o f th e  v a rio u s  a p p l ic a t io n s  to  p h y s ic a l  ch em istry  has
been p u b lish e d  by Tovmas’y an  (85)*
As y e t  l i t t l e  has been p u b lish e d  in  th e  l i t e r a t u r e  on a p p l ic a t io n s  
in  t h i s  b ranch  o f  C hem istry . P o s s ib le  a p p l ic a t io n s  in c lu d e  (a )  s tu d ie s  
o f th e  th e rm a l b eh av io u r o f  homologous s e r i e s ,  (b) s o l id - s o l id  r e a c t io n s ,
(c ) therm al decom position  o f o rg an ic  m a te r ia ls  in  v a r io u s  a tm ospheres,
(d) s tu d y  o f th e  b e h av io u r o f iso m ers , and (e ) h ig h  tem p era tu re  
p y ro ly s is .
C e r ta in  o rg an ic  po lym eric  m ix tu res  and compounds have been 
s tu d ie d  by h ig h  tem p era tu re  p y ro ly s is  m ethods.
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( iv )  In o rg an ic  Chem istry
E a rly  work has been  concerned m ainly w ith  m in e ra l c h em is try , such 
as i n  th e  s tu d ie s  o f c la y s  and m in e ra ls  (86) and on c o r ro s io n , o x id a tio n  
and re d u c tio n  of m e ta ls  and a l lo y s  (7 3 ) .
O ther a p p l ic a t io n s  in  in o rg a n ic  ch em istry  in c lu d e  :
I
(a )  S tudy o f s o l id - s o l id  r e a c t io n s
The n a tu re  o f s o l id - s o l id  re a c t io n s  i s  v e ry  complex, and a lth o u g h  i t  
i s  g e n e ra l ly  assumed th a t  sim ple s tepw ise  p ro c e sse s  o f decom position  a re  
invo lved , i t  i s  q u ite  o f te n  found  th a t  th e  r e a c t io n s  p roceed  th rough  a 
s e r ie s  o f  in te rm e d ia te  s ta g e s . The com plex ity  o f  th e  r e a c t io n s  can be 
b e t t e r  u n d ers to o d  by c o n s id e rin g  th e  fo llo w in g  p o s s ib le  s te p s  t h a t  may 
tak e  p la ce  :
( i )  The so lid  may decompose to g ive a new s o lid  w ith evolution of a 
ga3, e .g .
A ( s o l id )  ------->  B ( s o l id )  + C (g as)
( i i )  The twc s o l id  phases may i n t e r a c t ,  e .g .  
e i t h e r  A(S) + B (S)--- ------- £ AB(S) + D (gas)
©r A(S) + B (S)--- -------E(S) + F(s)
( i i )  The s o l id  may i n t e r a c t  w ith  th e  gas evo lved , e .g .
A(s) + C (g) * G-(S) + H(g)
I t  shou ld  be r e a l i s e d  t h a t  i f  any com bination o f such in te r a c t io n s  
tak es  p la c e , th e n  th e  r e a c t io n  mechanism would be h ig h ly  complex. Much 
more work, such as in f r a - r e d ,  X -ray, m agnetic and o th e r  p h y s ic a l  and
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chem ical methods of s tu d y ,h a s  to  he c a r r ie d  ou t i n  o rd er to  a r r iv e  a t  a 
com plete p ic tu r e  o f th e  d i f f e r e n t  p ro c e sse s  ta k in g  p la c e . The thermogram,
in  th i s  c a se , can o n ly  g ive  an in d ic a t io n  o f th e  d i f f e r e n t  p ro c e sses  
and h e lp  to?/ards th e  r i g h t  3.ine f o r  f u r th e r  in v e s t ig a t io n s .
Thus, r e a c t io n s  betw een sodium perox ide  and ox ides of s e v e ra l  
t r a n s i t i o n  m eta ls  (93) have been s tu d ie d  by means o f th e  therm obalance, 
the  p ro d u c ts  b e in g  examined ch em ica lly  and by i n f r a - r e d  sp ec tro sco p y .
W ith ch ro m iu m (lIl)-o x id e , Gr^Qy the  chromate co rrespond ing  to  the  fo rm ula 
Nao0 .C r0 , was formed.Even in  th e  p re sen ce  o f an excess o f the  p e ro x id e  
com plete r e a c t io n  d id  n o t ta k e  p la c e .
A part from  o b ta in in g  compounds in  the  anhydrous s t a t e  and f in d in g  
th e i r  th e rm al s t a b i l i t i e s  (94) > th e  therm obalance techn ique  can be  used  
to  advantage i n  th e  p re p a ra t io n  o f b is c h e la te  compounds from  t r i s c h e l a t e  
compounds. The B a i la r  and R o llin so n  method (34) o f p re p a r in g , f o r  
example, th e  ch ro m iu m (lIl)~ b ise th y len ed iam in e  d ic h lo ro  c h lo r id e  from  th e  
tr is e th y le n e d ia m in e  c h lo r id e ,  can be re p la c e d  by a therm obalance method 
by h e a tin g  is o th e rm a lly  a t  210°C, as su g g es ted , to  c o n s ta n t w eight as 
in d ic a te d  by the fo rm atio n  o f a  p la te a u  on th e  re co rd in g  c h a r t .
By s t a t i c  th e rm o g rav im e tric  s tu d ie s ,  new compounds have been  d i s ­
covered , such as th e  e x is te n c e  o f th e  uranium  o x id e , UjO (8 3 ) .
Sim ple methods o f p re p a ra t io n  have been su g g ested  f o r  m etaborio  
a c id , m etavan id ic  a c id  and s i l v e r  ch rom ite  (8 3 ) .
-33-
( c ) Modes o f decom position  of m a te r ia ls
The in fo rm a tio n  a s  to  how a m a te r ia l  decomposes th e rm a lly  can o fte n  
be o b ta in ed  from  th e  p y ro ly s is  cu rv e . The case  o f th e  calc ium  o x a la te  
monohydrate may be c i t e d .  Duval (83) has shown th a t  i t  decomposes s te p ­
w ise :
CaC2 0 ^ .H 2 0. — *  CaC2 0 ^  ------ ^ C o f  +  CaCO^  ^  CaO +  C O g t
The p y ro ly s is  curve shows fo u r  d e f in i te  p la te a u x  co rresp o n d in g  to  th e  fo u r  
s ta b le  compounds, namely, th e  m onohydrate, the  anhydrous o x a la te , cao.cium 
carb o n ate  and f i n a l l y  calc ium  ox id e .
(d) S tu d ie s  o f th e  b eh av io u r of o x id is in g  ag en ts
N i t r a te s ,  c h lo r a te s ,  b rom ates, io d a te s  and chrdm ates which a re  
expec ted  to  l i b e r a t e  oxygen #n h e a tin g  have been s tu d ie d  by Duval and o o - 
w orkers ( 83) .  They found  th a t  a  g a in  in  w e ig h t, due to  the  up take  o f 
oxygen, was sometimes observed .
(e )  S ub lim ation  s tu d ie s
The su b lim a tio n  o f s o l id s ,  such as m ercury ( i )  c h lo r id e , le a d  
c h lo r id e  and molybdenum t r i o x id e ,  has been s tu d ie d  by means o f th e  thermo­
balance  ( 8 3 ,9 5 ) .
( f )  S tru c tu re  e lu c id a t io n
An in te r e s t in g  example in  th e  use o f  the  therm ogravim etry  i s  th e  
s t r i c t u r e  e lu c id a t io n  o f th e  chromium p o ta sh  alum (96) .  In  c o n ju n c tio n  
w ith  o th e r  p h y sicochem ical m ethods, such a s  co n d uctom etric , io n -m ig ra tio n , 
and i n f r a - r e d  s tu d ie s ,  Duval and Harm elin a ss ig n e d  th e  complex fo rm ula  :
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K [> (S0gH 4 ) 2(H20 ) 2} . 6  H20 
in s te a d  o f th e  more u su a l form ula :
K Cr(S02i_)2 .12  H20 o r  K2S0^.Cr2(S 0^)3 .24H20.
S tu d ie s  on complexes a re  m ainly concerned w ith  th e  in v e s t ig a t io n  
of th e  n a tu re , decom position , and s t r u c tu r e  o f th ese  m a te r ia ls  by observa­
t io n  o f th e  fo llo w in g  p ro p e r t ie s  :
(a )  lo s s  o f  c o n s t i tu e n t  w a te r m olecules
(b ) lo s s  o f v o l a t i l e  l ig a n d s
(c ) breakdown by p y ro ly s is .
S tu d ie s  have shown th a t  th e rm al decom position  o f in o rg a n ic  complexes 
depends b o th  on th e  n a tu re  of th e  an ion  and th e  c a t io n .
C e r ta in  homologous s e r ie s  o f th e  type  j M(a )^ j X^ have been  s tu d ie d
•by : !
( i )  W endlandt and H orton (87) -
v a ry in g  M ( t r a n s i t i o n  m e ta ls )  o n ly , w h ile  keep ing  A and X
c o n s ta n t .  (A = E .D .T .A .)
( i i )  B o rre l and P a r i s  (88) -
v a ry in g  l ig a n d  A w hile  keep ing  M and X c o n s ta n t 
(A = NHy HgO, en , pn, e t c . )
The p re s e n t  work i s  concerned  w ith  s tu d ie s  of homologous s e r i e s  
of s a l t s  of c h ro m iu m (lI l) - tr is e th y le n e d ia m in e  and c h ro m iu m (lIl)- tri$ p ro - 
py lened iam ine , by v a ry in g  th e  an ion  X on ly  w h ile  keep ing  M and A c o n s ta n t, 
(see  l a t e r  S e c t io n s ) .  The r e s u l t s  a re  c o r r e la te d  w ith  a n a ly s is ,  in f r a - r e d ,
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X -ray, and o th e r  p h y s ic a l  s tu d ie s  in  o rd er to  co n firm  c o n c lu s io n s  reached  
from th e  th e rm ograv im etric  work.
The tech n iq u e  o f sp ec tro p h o to m etry  i s  to  p ass  l i g h t  from  a co n v en ien t 
source th ro u g h  th e  homogeneous s o lu t io n  under t e s t  and m easure th e  t r a n s ­
m itte d  l i g h t ,  t h i s  b e in g  m easured by a sp ec tro p h o to m ete r.
The fundam ental e q u a tio n , d e riv e d  from Lambert (80) and B eer ( 8 l )  
r e l a t i o n s ,  g iv e s  :
l o Sln  ( j a )  = ©ol 
10 ( J t>
where 1 i s  th e  th ic k n e s s  o f  th e  medium ( s o lu t io n )  t r a v e r s e d  
c th e  m olar c o n c e n tra tio n
e th e  m olar e x t in c t io n  c o e f f ic ie n t
and ( Zo) i s  th e  o p t ic a l  d e n s i ty  (D) as  d i r e c t l y  re a d  from  th e
d t ) sp ec tro p h o to m ete r.
In  t h i s  work, th e  Unicam U ltra -V io le t  and V is ib le  S pectropho tom eter 
(model S .P .5 0 0 ) (71) was u sed . I t  h as a  tu n g s te n -f i la m e n t lamp f o r  th e  
v i s ib le  re g io n  and a h y d ro g en -d isch arg e  lamp f o r  th e  u l t r a - v i o l e t  re g io n .
The two l i g h t  so u rces  a re  e a s i l y  in te rc h a n g e a b le . The tu n g s te n  lamp i s  
o p e ra ted  by two la r g e - c a p a c i ty  6 -v o l t  accum ulato rs w h ile  th e  hydrogen- 
d isch arg e  lamp i s  o p e ra te d  by th e  m ains-pow er pack , The p rism , o f  p o lis h e d  
n a tu ra l  q u a r tz ,  i s  e n c lo sed  i n  th e  monochromator, th e  -slijD a p e r tu re  o fw h io h  
can be s e t  to  0 .01  mm, and th e  wave le n g th  d i a l  re a d s  from 200 to  1000 mjj,.
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Two p h o to c e l ls  a re  p ro v id ed  -  a  r e d - s e n s i t iv e  c e l l  f o r  use  above 625 mfi b u t 
u sab le  to  Z|-00 mji ( i . e .  f o r  th e  v i s ib l e  and a d ja c e n t s p e c t r a l  re g io n )  and 
a b lu e - s e n s i t iv e  c e l l  fo r  use  below 625 mpi ( i . e .  fo r  th e  u l t r a - v i o l e t  
range 200 -  625 The p h o to -c e l l  c u r re n t  i s  f e d  to  a  two s tag e  am pli­
f i e r  and p a sse s  to  th e  in d ic a t in g  m ete r, which i s  b ro u g h t back  to  zero  by- 
means o f a  p re c is io n  p o te n tio m e te r  d ev ice . The s c a le  o f  th e  p o te n tio m e te r  
i s  c a l i b r a t e d  in  o p t ic a l  d e n s i t i e s  (O .D .) and p e rcen tag e  tra n sm is s io n .
T his en ab le s  a  p lo t  o f l i g h t  t r a n s m it te d  (O .D .) a g a in s t  th e  wave­
le n g th  to  b e  o b ta in e d  and th e  r e s u l t i n g  a b so rp tio n  curve i s  c h a r a c t e r i s t i c  o f
th e  su b stan ce  u sed . The ab so rp tio n  spectrum  in  th e  v i s ib le  re g io n  i s  
obv iously  r e l a t e d  to  the c o lo u r  o f th e  su b stan ce  and th i s  a r i s e s  from th e  
energy changes a s s o c ia te d  w ith  e le c t r o n ic  t r a n s i t io n s .
B efore a c o r r e c t  i n t e r p r e t a t i o n  of th e  a b s o rp tio n  spectrum  o f a 
compound can be made, th e  fo llo w in g  p o in ts  shou ld  be co n sid e red  :
( i )  I n te r a c t io n  betw een th e  compound ( s o lu te )  and th e  so lv e n t (commonly 
w a te r)  in  which i t  i s  d is so lv e d  can a f f e c t  th e  spectrum .
( i i )  Complexes o f analogous c o n s t i tu t io n  have s im ila r  a b so rp tio n  curves(43)«
( i i i )  The an ion  has no a p p re c ia b le  e f f e c t  on th e  spectrum  (4 3 ) .
I t  i s  p o s s ib le  to  compare th e  cu rves o b ta in e d  from  th e  unknown 
compounds w ith  th o se  of known compounds f o r  purposes o f  s t r u c tu r e  e lu c id a ­
t io n .  T h is  method, u sed  in  c o n ju n c tio n  w ith  th e  two above methods ( i . e .  
chem ical a n a ly s is  and th e rm o g rav im etry ), can  be used  f o r  th e  co n firm a tio n  
of th e  ty p e  and n a tu re  o f  compounds p re p a red .
Chromium amine com plexes a re  h ig h ly  co lo u red  su b s tan ces  which absorb 
bo th  in  th e  v i s ib le  and u l t r a - v i o l e t  re g io n s . In  f a c t ,  a  f in e  band was 
observed  in  each re g io n  (8 ,4 3 ) .  A t h i r d  band, a t t r i b u t e d  to  the 
bonding, was a lso  observed  in  th e  s h o r t  u l t r a - v i o l e t  re g io n  f o r  c e r t a in  
com plexes, f o r  example, th o se  having two SCN lig a n d s  in  t r a n s -  
p o s i t io n s  (9)* R ecent a p p l ic a t io n  o f th e  c r y s t a l - f i e l d  th e o ry  to  complex 
compounds (70) p e rm its  a  b e t t e r  in te r p r e ta t io n  o f th e  a b so rp tio n  s p e c tra  
o f th e s e  compounds.
In  th e  p re s e n t  work, compounds of th e  tr i s -d ia m in e  s e r ie s  
(h a l id e s ,  and th io c y a n a to ) , were in v e s t ig a te d  s p e c tro p h o to m e tr ic a lly . The
a b so rp tio n  cu rves o f the  complex o rth o p h o sp h a tes  and o r th o a rs e n a te s  were 
compared w ith  th e  a b so rp tio n  cu rves o f the known compounds. I f  th e  ab­
s o rp tio n  cu rv es  o f  th e  fo rm er showed s i m i l a r i t i e s  to  th o se  o f th e  l a t t e r ,  
i t  co u ld  be tak en  th a t  th e y  c o n ta in e d  th e  s im i la r  c h r o m iu m ( lI l ) - t r i s -  
diam ine complex c a t io n ,  assuming th e re  was no in te r a c t io n  betw een th e  
complex and th e  so lv e n t (w a te r) -  t h i s  i s  n o t s t r i c t l y  t r u e ,  as a q u o tis a -  
t io n  ta k e s  p la c e  g ra d u a lly  u n t i l  a l l  th e  amine lig a n d s  a re  re p la c e d  by an 
e q u iv a le n t number o f  w a ter l ig a n d s ,  th u s  -
" I . HpO _ _ «r HpO «
jCr jB g j -J+ — j Cr  Am5 (H20 ) j  -S —* jCr A m ^ O ) ^  -------- *JCr(H20 )6 j
However, i n  th e  c a se  o f the c h ro m iu m (lI l) - tr is e th y le n e d ia m in e  o r 
c h ro m iu m (lI l)- tr i^ ro p y le n e d ia m in e  compounds, a q u o tis a t io n  ta k e s  p la c e  
skowly enough to  p e rm it an a b so rp tio n  cu rve  b e in g  o b ta in e d  w ith o u t any
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s e r io u s  decom position  o c cu rrin g  d u rin g  th e  tim e o f th e  experim en t, i f  th e  
s o lu t io n  was f r e s h ly  p re p a red  im m ediately  Y/hen r e q u ir e d  f o r  sp e c tro p h o to -  
m e tric  in v e s t ig a t io n .  As a r u l e ,  th e  complex c a t io n  would be ex p ec ted  to  
g iv e  a  c h a r a c t e r i s t i c  a b so rp tio n  spectrum  g e n e ra l ly  w ith  two bands, one 
each i n  th e  v i s ib l e  and u l t r a - v i o l e t  re g io n s , i r r e s p e c t iv e  o f  th e  an ion  
p re s e n t ,  a p a r t  from  th e  phosphate  io n  which s tro n g ly  absorbs in  th e  u l t r a ­
v i o l e t  reg ions*  T h is  a b so rp tio n  has to  be tak en  in to  c o n s id e ra tio n  when 
in te r p r e t in g  th e  spectrum  o f complex p h o sp h ate s ,
1 .4 (d ) O ther Methods
The in f r a - r e d  sp ec tro sco p y  and th e  X -ray powder d i f f r a c t io n  s tu d ie s  
were employed i n  c o n ju n c tio n  w ith  th e  the rm o g rav im etric  s tu d ie s .
In fra -R e d  S tu d ie s
I t  was hoped th a t  th e  i n f r a - r e d  s tu d ie s  would he lp  in  th e  e lu c id a t io n  
of th e  n a tu re  o f  p ro d u c ts  o b ta in e d  a t  d i f f e r e n t  s ta g e s  (u s u a lly  a t  th e  
p la te a u x ) from  p y ro ly s is  c u rv e s , by in d ic a t in g  th e  p re sen ce  o r  absence o f  
v a r io u s  fu n c t io n a l  g ro u p in g s .
Measurements w ere made on a H ilg e r  and W atts Model H-800 In fra -R e d  
S pec tropho tom eter (9 l)>  u s in g  th e  N ujo l Mull tech n iq u e  in  th e  r o c k - s a l t  
re g io n  ly in g  betw een 4000 cm *** (2 .3  1-0 and 650 cm ^ (I5 .5 |i)*
X-Ray D if f r a c t io n  S tu d ie s
The X -ray  d i f f r a c t i o n  powder photographs were taken  o f  th e  p y ro ly s is  
p ro d u c ts  o f th e  compounds under in v e s t ig a t io n  s o le ly  f o r  th e  i d e n t i f i c a t i o n  0 
such compounds as c h ro m iu m (lll)  oxide and c h ro m iu m (lll)-o r th o p h o sp h a te  by
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comp a r in g  th e  d -sp ac in g s  o f  th e  p ro d u c ts  o f  h e a tin g  w ith  th e  known 
d -sp ac in g s  f o r  ch ro m iu m (lll) oxide and ch ro m iu m (lIl)-o rth o p h o sp h a te  
reco rd ed  in  th e  l i t e r a t u r e  (9 2 ,6 2 ) ,
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S E C T I O N  II
BASIC EXPERIMENTAL
-46-
I I .  1 . P re p a ra tio n  of m a te r ia ls  o th e r  th an  phosphates and a rs e n a te s
Three methods o f p re p a rin g  c h ro m iu m (lI l) - tr is e th y le n e d ia m in e  
compounds have been  re p o r te d  in  the  l i t e r a t u r e  :
( i )  in v o lv in g  th e  d isp lacem en t o f ‘p y ’ from  c h ro m iu m ( i l l ) - t r ip y r id in e  
c h lo r id e  by fen* ( P f e i f f e r )  ( 1 ,2 ) ,
( i i )  in v o lv in g  an o x id a tio n  r e a c t io n .
B a l th is  and B a i la r  (3) re a c te d  th e  C r ( l l )  s a l t  and *enf and 
allow ed  th e  r e a c t io n  m ix tu re  to  s ta n d .
( i i i )  in v o lv in g  th e  d i r e c t  r e a c t io n  betw een anhydrous chromic su lp h a te , 
(^ (S O ^ )^ ,  and e th y len e  diam ine, and subsequent tre a tm e n t to  
y ie ld  th e  a p p ro p r ia te  c h ro m iu m (lIl)~ tr ise th y le n e d iam in e  compounds. 
T h is l a s t  method, due to  R o llin so n  and B a i la r  (4 ,5 ) ,  i s  used  
th ro ughou t th e  p re s e n t  work.
I I .  1 (a )  P re p a ra tio n  o f c h ro m iu m (lI l) - tr is e th y le n e d ia m in e  s u lp h a te ,
[C r en3] . ( S 0 4 ) 3 .
E quation ; , Cr2 ^ ° 4 ) 3  + ^ en ------- ^  j^ r  en^ J 2 ( ^ 4)3
Procedure
49 g« (0 .125  mol) anhydrous* chromic su lp h a te  and 50 m l.(0 .7 5  mol) 
o f ’en* ( a n a ly t ic a l  g ra d e ) , c o n ta in ed  in  a  350 ml. E rlenm eyer f l a s k
* (P re p a ra t io n  o f anhydrous chromic s u lp h a te . H ydrated chromic su lp h a te  
was d eh y dra ted  by h e a tin g  in  an oven a t  100 -  110°C f o r  s e v e ra l days. 
A f te r  two days, th e  s o l id  green lump form ed was ground to  powder, 
fo llo w ed  by a f u r th e r  p e r io d  o f dry ing  in  th e  oven, u n t i l  the  powder 
f a i l e d  to  d is so lv e  i n  w a te r . The r e s u l t in g  g reen  anhydrous chromic 
su lp h a te  was ready f o r  u s e ) .
c
)
f i t t e d  w ith  an a i r  condenser, vrere h e a te d  on a steam b a th  w ith  o cca s io n a l 
s t i r r i n g .  The s to p p e r was covered  w ith  aluminium f o i l ,  as fe n f vapour 
a tta c k e d  cork  and ru bber r e a d i ly .
A fte r  about 1 hour, th e  su lp h a te  began to  lo se  i t s  g reen  c o lo u r  
and powdery c h a ra c te r ,  and g ra d u a lly  a brown cake was form ed w ith  no 
ex cess  l iq u id  p re s e n t .  The f l a s k  was l e f t  o v e rn ig h t on th e  steam b a th . 
The e ran g e-y e llo w  cake o b ta in e d  was ground to  powder, which was washed 
w ith  a lc o h o l and a i r d r i e d ,  A y ie ld  of over 30% was o b ta in ed .
The crude p ro d u c t co u ld  be r e c r y s ta d l i s e d  from w a ter a t  6o-65°C. 
only  w ith  d i f f i c u l t y .
1 (b ) P re p a ra t io n  o f  chromium(l I I j - t r i s e th y le n e d ia m in e  c h lo r id e , brom ide, 
io d id e  o r  th lo c y a n a te , \^Cr en^ | X^ where X C l, Br, I ,  SON.
The c h lo r id e  was p rep a red  d i r e c t ly  from th e  co rrespond ing  su lp h a te  
by th e  a d d itio n  o f HC1. The brom ide, io d id e  and th io c y a n a te  were p re ­
p a red , on th e  o th e r  hand, by adding th e  sodium o r  ammonium s a l t  o f th e  
d e s ir e d  an ion  in  100% excess to  th e  c h lo r id e . t
( i )  C h ro m iu m (lIl)~ trise th .y len ed iam in e  c h lo r id e
32 g. (0 .0 h i  mol) of th e  su lp h a te  was d is so lv e d  in  a m ix tu re  o f 
30 ml. w a ter and 5 m l. conc. HC1 a t  60-65oC ( th e  a d d itio n  o f HC1 was 
n e c e ssa ry  to  p re v e n t th e  fo rm atio n  o f a re d  p ro d u c t, presum ably po ly m eric , 
which n o t on ly  decreased  the y ie ld  b u t made f i l t r a t i o n  very  s lo w ).
E q u a tio n : jC r e n ^ j2 ($0^)^ + ^HCl
Procedure
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The h o t s o lu t io n  was f i l t e r e d  r a p id ly  th rough  a Buchner fu n n e l. To the  
f i l t r a t e  was added a m ix ture  o f 27 ml. conc. HC1 and 42 m l. a lc o h o l (96fo 
e th a n o l) .  The whole was co o led  in  an i c e / s a l t  m ix tu re  w ith  s t i r r i n g .
The c h lo r id e  se p a ra te d  in  yellovj c r y s ta ls  o r o range-yellow  c r y s t a l s .
I t  c eu ld  be p u r i f i e d  by re  c r y s t a l l i s i n g  from  an equal w e ig h t o f w a ter 
a t  65°C.
( i i )  Chromium(lIl)-trisethylenediarnine compounds j Cr en^\X^ ,
where X = Br, I, SCN
E quation : I Cr on* \ Cl* + 3 NH, X ----------1 Cr en '\X* + 3 NH, Cl^  3 J 3 4  h. 3J 3 4
(100$ ex cess)
Procedure
Each o f th e se  ?ra,s p re p a red  from the  c h lo r id e  by adding 100$ excess 
o f th e  s o l id  sodium o r ammonium s a l t  o f th e  d e s ire d  anion to  30 6* 
c h lo r id e  i n  100 ml. warm w a te r  (60-65°C ). The s o lu t io n  was s t i r r e d  r a p id ly  
and co o led  in  an i c e / s a l t  m ixture. C r y s ta l l i s a t io n  o ccu rred  as  soon a s  the  
s a l t  was added. The p ro d u c t was r e c r y s t a l l i s e d  from  w a te r  a t  65°C, 
washed w ith  a lco h o l and a i r d r i e d .  (The amount o f  w a ter re q u ire d  f o r  r e ­
c r y s t a l l i s a t i o n  was ro u g h ly  in  the r a t i o  (w/w): 2 : 1 f o r  th e  brom ide,
5 : 1  fo r  th e  io d id e ,
3 : 1  f o r  th e  th io c y a n a te .) 
The brom ide and th e  th io c y a n a te  were ye llow  o r o range-yellow  c r y s ta l s  
( l ik e  th e  co rresp o n d in g  c h lo r id e )  and th e  io d id e  was as sh in y  o ran g e- 
ye llo w  f la k e s  in  appearance .
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E q u a tio n ; Cr2 (S0^)^ + 6 pn  >  ^Cr pn^ (SO^)^
Procedure
39 g # (0 .1  mol) o f  anhydrous chrom ic su lp h a te  and 53 ml- (0 .6  mol) 
of tpn* ( a n a ly t ic a l  g rade) were h e a te d  on a  steam  b a th  acco rd ing  to  the  
method g iven  f o r  th e  co rrespond ing  e thy lened iam ine  s a l t  ( i l . l . ( a ) ) .  The 
p ro d u c t was o b ta in e d  (90^ y ie ld )  as an orange-brow n s o l id  which cou ld  be 
r e c t y s t a l l i s e d  from w ater (6o-65°C) only w ith  d i f f i c u l t y .
[ Cr p n , ] X, where X = Br, I ,  SCN*^ Dj D
E quation ;
[C r p r , ^  2 (S04 )3 + 6.NH^ X ------ >  2 jC r p n ^  + 3 (N H ^g SO^
Procedure
They were p rep a red  from  the  su lp h a te  ( s in c e  th e  c h lo r id e  hyd ro lysed  
r e a d i ly  to  a b a s ic  s a l t  (7 ) )  by adding 0 .12  mol(lOC^ ejcess)of the  re q u ire d  
ammonium s a l t  in  s a tu ra te d  s o lu t io n  to 0 .01  mol (8 g , ) su lp h a te  d is so lv e d  
in  20 m l, w a te r  a t  65°C, fo llo w ed  by c o o lin g  in  an ic e / s a l t  m ixture# The 
crude p ro d u c t co u ld  be r e c r y s t a l l i s e d  from  w a ter a t  65°C. The p ro d u c t, 
washed w ith  a lc o h o l and a i r d r i e d ,  was o b ta in e d  as o range-yellow  o r 
orange-brow n c r y s t a l s .  T y p ica l exp erim en ta l y ie ld s  a re  g iven  in  th e  
fo llo w in g  Table 5 .
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TABLE 5
[Cr pn^]
NH^ X (saturated solution) in  g. 
required fo r .0.01 mol sulphate, 
lOO^ o excess
Crude product in  g.
HgO for recry sta llisa tio n  (ml)
pure product in  g.
Bromide
11
in  15 ml. 
water
{ Iodide j Thiocyanate
17
in  10 ml. 
water
35
0 .5  | 1 .5  |
(crange-yellow); (orange- f 
; brown) j
9
in  8 ml. 
water
70
1
(orange- j 
brown) j
- b i ­
l l*  2. -General methods of  p re p a ra t io n  o f phosphates and a rs e n a te s
The fo llo w in g  methods Yirere a ttem p ted :
(a )  Using the  phosphoric  o r a rs e n ic  a c id .
(b) Using th e  ammonium o r sodium o rth o p h o sp h a tes  o r o r th o a rs e n a te s  
(p rim ary , secondary  o r  t e r t i a r y  s a l t s ) .
(c )  Using the s i l v e r  tr ip h o sp h a te  or t r i a r s e n a t e .
Some e thy lened iam ine  complexes were p re p a red  by th e  methods (a )  
and (b ) b u t w ith  propylened iam ine compounds th e se  methods le d  to  i l l -  
d e fin ed ' compounds of i n d e f in i t e  com position . Method (c ) was c o n s is t ­
e n t ly  more s u c c e ss fu l f o r  b o th  len* and ’p n T com plexes.
The a c id  used  was e i th e r  syrupy o rthophosphoric  a c id  (c o n ta in in g  
n o t l e s s  th a n  88.0/b) o r syrupy o r th o a rs e n ic  ac id  (c o n ta in in g  not l e s s  
th an  75/S w /w  a c id ) .
The fo llo w in g  re a c t io n s  were assumed :
( i )  ( Cr en^ \ X  ^ + 3 ^  j~Cr en^ I s- 3 HX
( i i )  2 iC r enz j X, + 3 H ,A  ^  jCr e n , j 0 (HA), + 6 HXh. 3 j  3 3 i— 3 J  2 ' 3
where X = C l o r I  o r  ^  SO^
and A = PO, :o r AsO, .4  4
A ttem pts to  p re p a re  e i th e r  phosphates  o r a r s e n a te s  by adding  
s to ic h io m e tr ic  amounts of re a g e n ts  o r u s in g  excess of a c id  -  e i t h e r  in  
th e  c o ld  fo llo w ed  by a d d i t io n  o f a lc o h o l or by h e a tin g  over a  steam 
b a th  f o r  some tim e, co o lin g  and adding a lco h o l -  *were n o t s u c c e s s fu l .
The p ro d u c ts  e i th e r  d id  n o t c r y s t a l l i s e  ou t c le a r ly  o r became o i ly  in  
appearance .
P ro ce d u re .
(The method was s im i la r  to  th a t  d e sc r ib e d  f o r  th e  p re p a ra t io n  o f 
th e  co rresp o n d in g  c h lo r id e  (p ,4 7 ) .
c o n ta in in g  a few drops o f phosphoric  a c id  a t  60-65°C. The ho t s o lu t io n  
was q u ic k ly  f i l t e r e d  and to  the  f i l t r a t e  was added a m ixture o f 3 ml. 
(app rox . 0.05 mol) syrupy phosphoric  a c id  (d e n s ity  1 .7 5 ) in  15 m l. e th an o l
c a . 12 g. w hich c o n ta in ed  su lp h a te  as im p u rity . For r e c r y s t a l l i s a t i o n ,
10 g . o f th e  crude p ro d u c t was d is so lv e d  in  10 m l. w a te r -a t  60° and f i l t e r e d  
by s u c tio n . The f i l t r a t e  was co o led  to  0°C and a lco h o l was added to  h e lp  
r e c r y s t a l l i s a t i o n .  The s o l id  p ro d u c t was f i l t e r e d  by su c tio n  and a i r d r ie d .  
Y ie ld  o f th e  orange yellow  p ro d u c t -  ca . 5 g .
o f a ty p ic a l  sample f o r  chromium a n d  phosphate  gave :
ed p re p a ra t io n  of chrom ium (lll) '
E quation : [ Cr en^ j 2 + ^ K3P°4
10 g. ( 0.013  m o l.)  of th e  su lp h a te  were d is so lv e d  in  10 m l.w a te r
(9&%) w ith  s t i r r i n g  end co o lin g  in  an i c e / s a l t  m ix tu re  u n t i l  a  brown 
p r e c ip i t a t e  was o b ta in e d . The p r e c ip i t a t e  was f i l t e r e d  by s u c tio n , 
washed w ith  a lco h o l (ca .100  m l.)  and a i r d r i e d .  Y ie ld  o f crude p ro d u c t -
fo Cr 
9 . 61,  9 .81
R equired  f o r  j Cr en^j HPO^.H^PO^. ^HgO 9 .75
Pound f o r  Compound A 3 5 .9 1 , 34.42 
35 .^2
E quation : f c r  en ~J 2 (S0, ) ,  + 3 H,As<3
Procedure
10 g. (0 .013 mol) o f  th e  su lp h a te  were d is so lv e d  in  10 ml. w a te r a t  
60°-65° w ith  a  few drops o f a rs e n ic  a c id . The s o lu t io n  was f i l t e r e d  and
m ix tu re . Two la y e r s  r e s u l te d ,  th e  low er "brown la y e r  v/hich was a  gummy 
mess was s e p a ra te d  by d ecan tin g  o f f  th e  su p e rn a ta n t l iq u id ,  washed w ith  more 
e th a n o l and l e f t  to  dry  i n  a i r .  The gummy p ro d u c t was s t i r r e d  w ith  th re e  
or more 30 m l. p o r t io n s  o f e th an o l v ;a t i l  s o l i d i f i c a t i o n  took p la c e . I t  
was a llow ed  to  a i r d r y  f o r  a  few days. The brown mass o b ta in ed  was ground 
in to  powder and an a ly sed  f o r  chromium and a rs e n ic ,
o f a ty p ic a l  sample gave f o r  chromium and a rs e n ic  :
o r  a rsen a te
A ttem pts to  p re p a re  th e  phosphate  o r a rs e n a te  u s in g  a  s im ila r  tech-* 
n ique  r e s u l te d  i n  th e  fo rm atio n  o f  a  brown o i l .  I t  d id  n o t prove p o s s ib le  
to  r e c r y s t a l l i s e  th e  p ro d u c t.
to  th e  f i l t r a t e  was added a m ix ture  o f 10-11 ml. H^AsO^ (ap p ro x . 0 .03  mol.) 
(75% w/w) in  25 ml., a lco h o l (96%) w ith  s t i r r i n g  and c o o lin g  i n  an i c e / s a l t
Pound f o r  compound B
% Cr %> As
8 .3 7  16.02
8.37  18.10
empted p re p a ra t io n  o:
However, by t r e a t i n g  th e  co rrespond ing  io d id e  w ith  phosphoric  o r
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a rs e n ic  a c id  i n  th e  same nay as b e fo re  a  s o l id  m a te r ia l  r e s u l te d  which was 
yellow  i n  th e  case o f th e  phosphate and orange-brow n in  th e  case  o f th e  
a rs e n a te .  Even on r e c r y s t a l l i s a t i o n ,  b o th  c o n ta in ed  th e  io d id e  as
im p u rity . The orange-brow n s o l id  ( in  th e  c a se  o f th e  a r s e n a te )  was s l ig h t ly
so lu b le  in  a lc o h o l.
C onsequently  t h i s  method was abandoned.
H i  2 (b) Using sodium or ammonium orthophosphate  o r  o r th o a rse n a te  
The fo llo w in g  re a c t io n s  were assumed ;
( i )  [C r en^jC l^  + 3 NaH^O^ -  — >  jfc r e n ^ H g P O ^  + 3 NaCl
. )_ + 6 NaCl
,p<Y ^  I'cr en^PO ^ + 3 NaCl
Procedure
S o lu tio n s  o f ch rom ium (III)- tr is e th y le n e d ia m in e  c h lo r id e , ch rom ium (lII; 
triqpropylened iam ine su lp h a te  and io d id e  were t r e a te d  i n  tu rn  w ith  100^ 
excess o f  sodium o r  ammonium phosphates o r  a r s e n a te s  e i th e r  in  s o l id  form 
o r in  s a tu r a te d  s o lu t io n , accord ing  to  th e  above eq u a tio n s . Heat was 
a p p lie d  i f  re q u ire d  (n o t over 65°C) to  h e lp  d is so lv e  th e  s o l id s .  The r e ­
s u l t in g  s o lu t io n  was f i l t e r e d  by su c tio n , and coo led  in  an i c e / s a l t  
m ix tu re  w ith  s t i r r i n g  u n t i l  c r y s t a l l i s a t i o n  o c cu rred . A lcohol was added 
in  c e r t a in  c a se s  to  speed up th e  c r y s t a l l i s a t i o n .
The r e s u l t in g  o ran g e -co lo u red  p ro d u c ts  co n ta in ed  th e  sodium o r 
ammonium s a l t s  as im p u r ity . T here fo re  t h i s  method was abandoned.
A ll  th e  p rev io u s  methods o f p re p a ra t io n  had proved u n s a t i s f a c to r y ;
( i i i )  jjCr e n j c i ^ Na
( i i )  2\C r  en^ lC l^  + 3 Na^HPO^ --------- > |C r  e n J 2 (HP0
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e i th e r  th e  re q u ire d  p ro d u c t was p r e c ip i t a t e d  to g e th e r  w ith  th e  o r ig in a l  
re a g e n ts  (such  as Na o r  s a l t )  o r no c r y s t a l l i s a t i o n  took  p la c e  a t  a l l .  
in y  a ttem p t to  p u r i f y  o r  s e p a ra te  th e  p ro d u c t from  i t s  con tam inan ts was 
i n  v a in .
I I .  2 (c )  Using th e  s i l v e r  tr ip h o sp h a te  o r  t r i a r s e n a te
The ’’s ilv e r* ' method as d e ta i le d  below proved to  be the  most su ccess ­
f u l  and pure sam ples o f b o th  phosphate and a rse n a te  were o b ta in e d . This 
method o f m e ta th e s is  in v o lv e s  th e  p r e c ip i t a t io n  o f AgX where X = h a lid e s  
o r  SCN, fo llo w ed  by c r y s t a l l i s a t i o n  o f th e  f i l t r a t e  by a d d it io n  of 
a lco h o l an d /o r ace to n e .
( i )  P re p a ra tio n  of c h ro m iu m (lI l) - tr is e th y le n e d ia m in e  phosphate 
E quation ;
J C r e n 3] c l 3 + f c r  e n ^  + 3 AgCl
(e x c e ss )  p p td .
P rocedure
The c h lo r id e  (13 g . , 0 .033 m o l.)  was d is so lv e d  in  w a ter (75 m l.)  and
excess 0 .036 m ol.') was added. The whole w as co n ta in ed  in
a h a rd  g la s s  tube which was t i g h t l y  corked  and shaken on an e l e c t r i c
shaker f o r  two hours to  a llo w  th e  re a c t io n  to  go to  com ple tion . The
an
f i l t r a t e  and ?^ashings wo?e co o led  i n / t c e / s a l t  m ix tu re  and a lc o h o l was added 
w ith  s t i r r i n g  u n t i l  p r e c ip i t a t i o n  took p la c e .  The p r e c ip i t a t e  was 
f i l t e r e d ,  washed w ith  a lc o h o l and sucked dry  by th e  pump, fo llow ed  by 
d ry in g  i n  a vacuum d e s ic c a to r .
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Y ie ld  10 g. (o range-ye llow  powder) Q u a li ta t iv e  a n a ly s is  showed p resen ce  
o f phosphate , b u t no ch lo rid e*
A n aly sis  o f ty p ic a l  sample gave :
fo  Cr % 0 % H fo  N % P
Found f o r  compound D 13° 15 13 .62  18.44- 7 .8 8  21*31 7 .6 4
CT-6->
[Cr en^lpO^ 3H20
" re q u ire s  13 .63  18.45 7 .7 0  21 .58  7 .95
However, when c h ro m iu m (lI l) - tr is e th y le n e d ia m in e  c h lo r id e  and s i l v e r  
•feeiphosphate were shaken in  p resence  o f a few drops o f  phosphoric  a c id , 
th e  p ro d u c t o b ta in ed  was an a c id  phosp h ate . *
A n a ly sis  o f  ty p ic a l  sample gave :
% Cr f , G fo  H fo  N %  P
Found f o r  compound C 10*88 11.80  1 5 .6 4  7 .33  18 .40  9.80
jcr en3L(HP04)3.9H20 11.37 15.77 7.55 18. W 10.18
re q u ire s
( i i )  P re p a ra tio n  o f  c h ro m iu m (lI l) - tr is e th y le n e d ia m in e  a rs e n a te  
E qu a tio n :
FCr e n , | d ,  + Ag,As0,  ...... >  j Cr en,SAsO, + 3 AgCl
L  3J 3 L  3J 4  ( » “ • )
Procedure
The c h lo r id e  (13 g . 0 .033 mol,?) was d is so lv e d  in  Y/ater (75 m l.)  and 
ex cess  Ag^AsO^ (17 g . 0 .037 m ol.) was added. The r e a c t io n  m ixture  was 
shaken e l e c t r i c a l l y  f o r  two h o u rs . The p r e c ip i t a t e d  s i l v e r  c h lo r id e  was 
removed- by f i l t r a t i o n  and a lco h o l was added to  th e  f i l t r a t e ,  fo llo w ed  by
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co o lin g  and s t i r r i n g  u n t i l  p r e c ip i ta t io n  took p la c e . The p ro d u c t was 
f i l t e r e d  by s u c tio n , washed w ith  a lco h o l and d r ie d  in  a  vacuum d e s ic c a to r .  
Y ie ld  12 g . (o range-ye llow  powder) *■* no c h lo r id e  cou ld  be  d e te c te d  in  
th e  sam ple•
rs l s  o f ty p ic a l  sample gave :
% Cr fo  C f  H fo  N fo  As
E 12 .86  12 .01
is-- £>3
16.92 7 .05 19 .64
C T -6. )
16 .9 4 7.0612.24 19.76 17^=62[C r en^AsO^^HgO 
re q u ir e s
( i i i )  P re p a ra tio n  oj
E q u a tio n :
[ Cr p n ^ j Br^ + Ag^PO^ ------- >  |C r pn J  PO^ + 3 AgBr
( ex o ess) "  ( p p ta . )
Procedure
The brom ide (10 g* 0*020 mol #) d is so lv e d  i n  v /a ter (75 m l.)  was 
shaken e l e c t r i c a l l y  w ith  ex cess  s i l v e r  tr ip h o sp h a te  (11 g . 0 .026 mol.*) 
f o r  th re e  h o u rs . S i lv e r  brom ide was removed by f i l t r a t i o n  and acetone 
was added to  th e  f i l t r a t e  to  induce  c r y s t a l l i s a t i o n .  An orange-brow n 
o i l  was form ed, th e  su p e rn a ta n t l i q u id  was decan ted  o f f  and more acetone 
added to  th e  o i l  w ith  s t i r r i n g  and co o ling  u n t i l  i t  s o l id i f i e d .  The 
s o l id  was b roken  down, f i l t e r e d ,  washed w ith  acetone  and a i r d r i e d  in  a  
vacuum d e s ic c a to r .
Y ie ld  6 g . (o ran g e-y e llo w  s o l id )  -  no brom ide could  be d e te c te d .
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i s  o f a  ty p ic a l  sample gave :
fo  Cr fo  C fo  H fo  N fo  P
Found f o r  compound G 8 .91  24 .74  8 ,4 4  16 .09  5*84
jC r pn3 j  PO .9H20 9 .79  20.38 9 .0 4  15 .82  5 .8 4
re q u ire s
In  p re sen ce  o f  phosphoric  a c id , the  bromide and  th e  s i l v e r  twLphos- 
p h a te  gave a p ro d u c t which an a ly sed  to  ;
S i lv e r  bromide was removed as b e fo re , and acetone  was added to  the  f i l t r a t e ,  
.After d e c a n ta tio n  of th e  su p e rn a ta n t l iq u id ,  th e  b row nish-yellow  o i l  form ed 
was washed w ith  acetone u n t i l  i t  s o l i d i f i e d .  The p roduct was broken up, 
washed and a i r d r ie d .
The p ro d u c t was an o range-yellow  s o l id  (which was d a rk e r i n  c o lo u r  
th a n  th e  co rresp o n d in g  phosphate) -  no brom ide co u ld  be d e te c te d  i n  th e  
sam ple.
fo  Cr f  C fo  H fo  N
Found f o r  compound F 8 ,6 8  18.80 7*55 14.40
[Cr pn3 \HP04 ,H2P0^.7H20 8 ,7 6  18.20 7 .9 4  14 .14. v 7
 fo  P
 12.42
 10.46
( i v ) P re p a ra tio n  o f ch ro m iu m (lll)  -■V^ fferopylenefliam ine a rse n a te
j^Cr pn3 |B r3 + Ag^AsQ^ >  jjCr pn3 |A s0^ + 3 AgBr
( e x c e s s ) ( p p t & . )
Procedure
The brom ide (7 g* 0 .014 m o l.)  d is so lv e d  i n  w a te r (50 m l.)  was shaken 
e l e c t r i c a l l y  f o r  th re e  hours w ith  excess s i l v e r  t r i a r s e n a t e  (7 g* 0.015 mol, )
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o f a  ty p ic a l  sample gave : 
fo  Cr
Found f o r  compound J  8 .8 0  
^ r  pn^A sO ^. 9 ^ 0  9.06
In  p re sen ce  o f a rs e n ic  a c id , the m ix tu re  o f  th e  bromide and s i l v e r  
t r i a r s e n a t e  gave a  p ro d u c t which an a ly sed  to  :
fo  C fo  H f  N % As
21.28 7 .7 9 14*92 15.75
18.79 8.36  ' 1 4 .6 o 13.03
Found f o r  compound H 
|2
ie r methods a ttend  
E q u a tio n s  assumed :
(1 ) CrPO^ + 3 en
(2 ) CrPO^ + 3 pn
fo  Cr fo  C fo  H fo  N % As
8 .90  9 .18  
C t-6.0
19*67 7*20 14.97 19.92
9.20 19*15 7*17 14.89 19*92
-> [C r en3JP 0 4
LCr Pnj} P°4
The method was to  h ea t th e  two components, i n  the  amount re q u ire d  
by th e  e q u a tio n , over a  steam b a th  f o r  a  long  p e r io d  o f tim e, as i n  th e  
p re p a ra t io n  o f  c h ro m iu m (lI l) - tr is e th y le n e d ia m in e  su lp h a te  (v ide  1 1 .1 ( a ) ) .  
No a c t io n  took  p la c e , however, even a f t e r  le av in g  on th e  steam b a th  f o r  
seven days.
A summary o f  th e  s u c c e s s fu l compounds p rep a red  i s  ta b u la te d  in  
Table 6 . ( p .63) .
3 (a )  D eterm ination  o f chromium
Chromium, in  the  com plexes, was determ ined  by o x id is in g  C r ( l l l )  
to  C r(V l) by sodium hydrox ide and hydrogen p e ro x id e ,fo llo w e d  by a d d it io n  o f 
a c id  and excess o f f e r ro u s  ammonium su lp h a te  s o lu tio n  (F .A .S o) and back 
t i t r a t i o n  o f th e  excess F .A .S . w ith  s tan d a rd  KgCr^O-, s o lu t io n .
S ince !en* and !pn* in te r f e r e d  in  t h i s  d e te rm in a tio n , th e y  were f i r s t  
removed by o x id a tio n  u s in g  a m ix tu re  o f su lp h u ric  and n i t r i c  a c id s .
P rocedure (8 )
5 nil. 1 ; 1 HoS0. and 10 ml, conc. HN0_ were added to  about 0 .1  g .
£ k- 3
sample and th e  m ix tu re  h e a te d  over a h o t p la te  to  fumes of su lphu r t r io x id e  
over th re e  hours in  a  c o n ic a l  f l a s k  covered  by a w a tc h g la ss . The r e s u l t in g  
g reen  s o lu t io n  was co o led  and th en  d i lu te d  w ith  50 m l. w a te r . S o lid  
sodium hydroxide p e l l e t s  were added u n t i l  t h e  s o lu t io n  was d e f in i t e ly  a lk a ­
l i n e  as in d ic a te d  by a sudden change o f co lo u r fo llow ed  by p r e c ip i t a t io n  o f 
a  b lu e -g re e n  chromium hydrox ide . A few drops o f hydrogen perox ide  (20 v o ls .  
were added and th e  f l a s k  was l e f t  to  b o i l  u n t i l  no more oxygen ¥*as evolved . 
A fte r  a  p e r io d  o f approx . 30 m in u tes , th e  o range-yellow  s o lu t io n  was co o led , 
a c id i f i e d  w ith  1 ; 1 H^SO^/ m ix tu re , and 25 m l. F .A .S . ( in  ex cess)
added, whose excess was back t i t r a t e d  w ith  s ta n d a rd  N/20 K^Cr^Oy s o lu tio n  
to  th e  mauve end p o in t  o f th e  sodium diphenylam ine su lphonate  in d ic a to r .
Cr was e s tim a te d  from  th e  r e la t io n s h ip  :
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where B = Blank w ith  eq u a l amount F .A .S . u sed .
= V ol. o f K^CrgOy s o lu t io n ,  n o rm a lity  X, u sed , 
m = mass o f sample used .
T his was determ ined  by p r e c ip i t a t io n  ¥rith  s l i g h t ly  a c id i f ie d  s o lu t io n
o f  BaClg as BaSO^, which was washed w ith  w ater and d r ie d  in  an e l e c t r i c
fu rn ace  a t  900°C.
th e
Since/chrom ium  complex c a t io n  in t e r f e r e s  in  t h i s  d e te rm in a tio n , i t  
was excluded  by p a ss in g  th e  so l.u tic n  o f th e  ch ro m iu m (lll) complex th ro u g h  
a c a t io n  exchanger (ZeoKarb 225) in  th e  H+ form and  th e  su lp h u ric  a c id  
HgSO^ o b ta in e d  was t r e a te d  w ith  d i lu te  barium  c h lo r id e  s o lu t io n  to  p re ­
c i p i t a t e  as barium  s u lp h a te , o r t i t r a t e d  w ith  s ta n d a rd  sodium hydroxide 
s o lu t io n  u sin g  •screened* m ethyl orange in d ic a to r  to  a  g rey  end p o in t .
I I .  3 (c )  D eterm ination  o f c h lo r id e , brom ide, io d id e  o r  th io c y a n a te
These were determ ined  by p r e c ip i t a t io n  w ith  a c id i f ie d  s o lu t io n  o f 
s i l v e r  n i t r a t e  as AgX, where X = C l, Br, I ,  o r  SCN, which was washed w ith  
1fo HNO^  s o lu t io n  and d r ie d  a t  100 -  110°C. Chromium complex c a tio n s  d id  
n o t i n t e r f e r e .
I I .  3(<i) D eterm ination  o f phosphorus
I t  was found th a t  chromium complex c a t io n s in te r f e r e d  in  th e  determ i­
n a tio n  o f phosphorus as ammonium phosphom olybdate. The phosphate  an ion  
was th e re fo re  co n v erted  to  phosphoric  ac id  a f t e r  p a ss in g  th e  ch ro m iu m (lll) 
complex th ro u g h  an H+ form  c a tio n  exchanger (ZeoKarb 225), and th en  de­
te rm in ed  by p r e c ip i t a t i o n  w ith  much excess ammonium m olybdate (n o te  l )
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as ammonium phosphom olybaate, which was washed w ith  th e  ammonium n i t r a t e -  
n i t r i c  a c id  m ix tu re  (n o te  2 ) ,  fo llo w ed  by a wash w ith  1% n i t r i c  a c id  and 
f i n a l l y  d r ie d  to  c o n s ta n t w eigh t a t  110-120°C ( l  h o u r) .
Note ( l )  Ammonium m olybdate reag en t -  c o n ta in in g  75 g* s o l id  ammonium 
m olybdate and 190 ml, conc. HNO* i n  1 l i t r e  s o lu tio n .
j
Note (2) NjhNO./HNO, wash s o lu t io n  -  c o n ta in in g  50 g. s o l id  NH^NO^
and 40 m l, conc, HNO, in  1 l i t r e  s o lu t io n .3
The p e rcen tag e  phosphate  (and hence % P) was c a lc u la te d  from  th e  
r e la t io n s h ip
= wp p t x  5 ‘ 066 
m
where mpp^. = mass o f th e  yellow  p p t ,  o b ta in ed , 
m = mass o f sample used  i n i t i a l l y ,  
and 5.066  i s  th e  co n v ersio n  f a c to r  found e x p e rim en ta lly  u sing  a known w eigh t 
o f KEyPO^. (Tbe th e o r e t i c a l  co n v ersion  f a c to r  i s  5*062 c a lc u la te d  
from  the  fo rm ula (NH^)^ ^°X 2^40  ^
I I ,  3 (e )  D eterm ination  o f A rsenic
The a rs e n a te  p re s e n t  as a r s e n ic (v) was f i r s t  reduced  by su lp h u r 
d io x id e  to  a r s e n i te ,  a r s e n i c ( i l l ) ,  which was t i t r a t e d  w ith  s tan d a rd  po tassium  
brom ate s o lu t io n  u s in g  an 0 ,5 ^  a lc o h o lic  s o lu t io n  o f a -n ap h th o flav o n e  
in d ic a to r  to  an o ra n g e -re d  end p o in t  (1 1 ) ,
The As was c a lc u la te d  from  th e  r e la t io n s h ip  :
% As = 3 .7 4 5 5 .x  T i j
m
where V « volume o f KBrO, s o lu t io n  o f n o rm a lity  X.
j
m ss w eigh t o f th e  complex (a r s e n a te )  used  i n i t i a l l y .
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II*  3 . ( f )  M ioroanaly s is  o f carbon , hydrogen and n itro g e n
Carbon was determ ined  a s  carbon d io x id e , hydrogen as w a te r  and 
n itro g e n  as ammonia i n  th e  Dr. A lfred  B ernhard t M ic ro a n a ly tic a l L ab o ra to ry , 
Max-Planck I n s t i t u t e ,  Germany.
TABLE 6
List o f suooessfi 
prepared
ompounc P robable  Formulae
A [C r en3 | HPO^. H2P0^. 6K20
B [ c r en3 j 2(HAs0^)3 .20  H^ O
C [Cr en3 j 2 (HP04 )3 . 9H20
D [C ri„... en3j  P04 . 3H20
E [C r en3jA s0^ . 3H20
F [Cr pn3 | HPO^. H2P0^. 7H20
G f c r  p n ^P 0 ^ .9 H 20
H [Cr pn3l 2(EAs04 )3 .9H20
J  j c r  p n J  AsO. , 9 ^ 0L 3\ 4- e.
compounds
Starting Materials Methods Used
\Cr en3^2 S^04)3 a ( i )
[Cr en3 j 2 (S04 )3 a ( i i )
[Cr en ,j C l, c ( i )  -L 3] 3 (a c id  medium)
iC r en ^ C lj © ( i )
[C r en3 jC13
0 ( i i )
FCr p n , |B r , o r c ( i i i )  -i -U (a c id  medium)
[C r pn3] Br3 o r c ( i i i )
pn3] l 3
[CrL- o r c
( iv )  -
[Cr (a c id  medium)
jCr pn3]B r3 o r 0 ( iv )
fCr
L
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S E C T I O N  III
EXPERIMENTAL RESULTS AND THEIR DISCUSSION
The average experimental values are quoted. These are 
l is te d  in  Tables 7, 8 and 9 respectively for :
( i )  Chromium(lIl)-trisethylemediamine compounds (Table 7)
( i i )  Chromium(lIl)-trispropylenediamine compounds (Table 8)
( i i i )  The phosphate and arsenate derivatives of these compounds
(Table 9 ) .
For comparison purposes, the suggested formulae are given 
underneath these compounds together with their theoretical data.
For the known compounds under headings ( i )  and ( i i ) ,  only 
the analyses of chromium and the anions were carried out, while for 
a l l  the unknown compounds under heading ( i i i )  f u l l  analyses were carried  
out. The methods of analysis have already been outlined in Section II  
(page 6 o).
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TABLE7
Chemical Analysis of Chromium(lIl)-trisethylenediamine 
compounds [Cr en^ j Xy
; fo  Cr fo  X
C hlo ride 13.53 27.48
|J3r e n ^ jC l^ ,311^0 re q u ire s 1 3 .2 ^ 27.08
Bromide 9 .96 46 .38
| Cr en^B r^^H gO  re q u ire s 9 .89 45 .57
Io d id e 8 .05 61.00
JCr en^ll^.H ^O  re q u ire s 8 .2 4 60.33
Thiobyanate 11 .38 41.41
[ c r  en^j(SCN )^.H 20 r e q u ir e s 12.25 41 .04
S u lphate 11.90* 34.00
Cr en _ L (S 0 . )* .3sH 90 re q u ire s 12.81 35.49
* value calculated from thermogravimetric data,
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T&BLE 8
Chemioal A n a ly sis  of Chromium(
compounds jC r X^
% Cr f  X
Bromide 9 .56  44.4-6
^Cr pn^jBr^.H^O re q u ir e s  9*77 45 .11
Io d id e  8 .30  56.01
[Cr p n - | l , ,H  0 re q u ire s  7*73 56.61
T hiocyanate 11 .56  35*93
jC r pn^j (SCN)y 1^0 r e q u ir e s  1 1 .1 4
\Cr pn^^2 (S0^)^.8H 20 r e q u ir e s  10 .64
37 .34
S u lp h a te  9.03* 29.20
29.50
* Value c a lc u la te d  from  th erm ograv im etric  d a ta .
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TABLE 9
Chemical
fo  P  j fo  A s  I
Compound A
j Cr en '^i HPO^ . HgPO^ . 6H20
Compound B 
[Cr en_]2(HAsO, ),.20H20 
^requires  ^
Compound C
[Cr en3-]2(HP0^)3 .9H20
Compound D 
[Cr eii3\P0, .3H20 
requires
Compound E 
jCr en_|AsO, *3H2 
req u i r e s  
Compound E
[C r pn3]HPO .H2P0 .7H20 
r e q u ire s  
Compound G- 
j [Cr pn lPO  ; 9H 0 
r e q u ire s  
Compound H
[Cr pn,1 (HAsO ) .9H 0 
^requires J 
Compound J 
[Cr p n j AsO, .9H20 
requires
L
fo  C ! % H
11.47
11 .63
16.02
18 .10
18.40
18.40 0.0.18
18.44
18.45
13.15
13.65
21.31
18.63
17.70
16.92
16 .94
19 .64
12.30
18,80  
18.20
14.40 12.42
10.4614.18
i67o9
15.80
24.74
20.38
19.92
19.92
14 .97
14.89
19.67
19.15
15.75
13.03
21.28
18.79
14.92 i 
14.60
6 i^ €_. CtnA^jO ^
■ 0~Z/vi^ kHA^'-
c
£
H
J
47-4 44- 6
£/• ^ 6/7
?2-/ tZ-Lf-
72 - 3 72-S'
$£>■&
tt.s n  7
The r e s u l t s  a re  ta b u la te d  in  T ables 10 -  25.* The w e ig h ts  in  
Column f  have  been  c o r re c te d  fo r  buoyancy.
T.GoCurve (F ig . 1 )*
The t r ih y d r a te  (P ) i s  s ta b le  from  room tem peratu re  (ab o u t 17°C) 
to  36°C. Between 36° and 85°C i t  lo s e s  w a te r s te a d i ly .  The p la te a u  
ex tend ing  from ju s t  a f t e r  85° to  l6 o °  corresponds to  th e  re g io n  of s t a b i l i t y  
f o r  the  anhydrous compound. The th e o r e t i c a l  w eight lo s s  i s  13 .8$  w hile  
th a t  found from  th e  curve a t  130° (q ) i s  1 4 .4 $ . S lig h t d e v ia t io n  from  th e  
p la te a u  i s  observed  a t  l6 o ° ,  and t h i s  i s  ta k e n  a s  th e  decom position tem pera­
tu re  o f th e  compound. From l6 o °  to  190°C decom position i s  r a th e r  slow.
A fte r  190°, th e re  i s  a  steady lo s s ,  accompanied by th e  e v o lu tio n  o f e th y le n e -  
diam ine which i s  e a s i ly  d e te c te d  by i t s  c h a r a c te r i s t i c  sm e ll, A marked 
in f le x io n  i s  observed  n e a r the  re g io n  o f  2J2°C ( i t) . The erjqperimental
w eigh t lo s s  a t  th e  p o in t  R i s  29 . 5!$ w h ile  t h a t  c a lc u la te d  f o r  th e  lo s s  of
1 m olecule o f  *en! i s  29.1!$. This would co rrespond  to  th e  e x is ten c e  o f 
th e  d ic h lo ro -b ise th y le n e d ia m in e  compound, [Cr e n ^ C l^  C l, whose p re p a ra t io n  
has been re p o r te d  by B a i la r  and R o llin so n  ( 9 ) .  By h e a tin g  th e  t r i s -  
e th y len ed iam in e  c h lo r id e  a t  210°C to  c o n s ta n t w e ig h t ( ta k in g  some 1 - 2  h r s . )  
fo llo w ed  by r e c r y s t a l l i s a t i o n ,  th e y  o b ta in ed  a y i e ld  o f about Go% o f t h i s  
b ise th y len e d ia m in e  compound. From 303 °, th e  w eigh t lo s s  as w e ll  a s  th e  
sm ell o f !e n ! becomes more pronounced. At 420°C th e  lo s s  o f w eigh t i s
* F or T ab les 10 -  25 see pp 97 “ 132
For F ig s  1 - 1 6  see pp 133 - 1 4 8
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no t  so ra p id  and from 430°C (T) to  680°C a p la te a u  in d ic a t in g  c o n s ta n t
w eight i s  form ed. The ex p erim en ta l w e ig h t lo s s  a t  430°C (T) i s  81 .9^  as
compared w ith  30,6% c a lc u la te d  f o r  the  fo rm atio n  o f ch ro m iu m (lIl)-o x id e ,
Cr^Oy as th e  en d -p ro d u c t.
By d i r e c t  w eighing  o f th e  end -p roduct a f t e r  c o o lin g  o v e rn ig h t in s id e  th f
fu rn a c e , th e  w e ig h t lo s s  i s  82 .6%, The end -p roduct i s  a  d a rk  green  ash ,
w hich ,on  chem ical an a ly s is ,sh o w s th e  p resence  o f chromium an d  th e  absence
o f c h lo r id e .  The dark  g reen  p ro d u c t i s  f u r th e r  confirm ed by an X -ray
poT^der diagram  as th e  chromium oxide , Cro0_,.2 3
The p ro bab le  ro u te  o f decom position can be re p re se n te d  as fo llo w s ;
iCr enjj Cl-..3Ko0 ----- * fc r  e n - l d , —* fcr en0Cl0l Cl — ^ i  Cro0 , .M D 2 3i 3 u. 2 2J 2 3
W eight l o s s :  Q lk.k-% (1 3 .8 )  R 2 9 .5 ^  (2 9 .1 )  T 81 .9#  (8 0 .6 )
The th e o r e t i c a l  v a lu e s  a re  g iven  in  b ra c k e ts  f o r  com parison p u rp o ses. 
DeT.G-oCurve (F ig . 7 )
The s ta b le  h y d ra te  i s  in d ic a te d  a t  P, fo llo w ed  by a peak a t  75°C 
co rresp o n d in g  to  the  maximum r a t e  o f w ater l o s s .  The s ta b le  anhydrous 
c h lo r id e  i s  in d ic a te d  by th e  b ro ad  tro u g h  Q. A fte r  200°C, th e  lo s s  o f 
th e  f i r s t  m olecule o f *enf i s  in d ic a te d  by a b ro ad  peak between Q and R.
This i s  fo llo w ed  by th re e  sharp  peaks u n t i l  about 4.25°C when th e  curve 
becomes f l a t  a long  th e  tem p e ra tu re  a x is ,  co rresp o n d in g  to  th e  s ta b le  phase 
o f  th e  c h ro m iu m (lll) -o x id e .
( i i )  C h ro m iu m (III)- tr ise th y le n ed ia m in e  bromide 
T.G-.Curve (F ig . 1 )
The t r ih y d r a te  (p ) i s  s ta b le  from  room tem peratu re  to  34°C. W ater
i s  l o s t  s te a d i ly  from 34° to  75°C w ith  th e  fo rm atio n  o f th e  anhydrous 
compound, which i s  s ta b le  up to  about 205°C when i t  s t a r t s  decomposing.
The ex p erim en ta l w e ig h t lo s s  a t  125°C (Q) i s  10.8% as compared w ith  th e  
th e o r e t i c a l  v a lu e  of 10 .3$  c a lc u la te d  f o r  th e  anhydrous brom ide. From 
205° to  230°, th e  decom position i s  slow, b u t qu ickens s te a d i ly  a f t e r  230°C 
w ith  th e  e v o lu tio n  o f !e n ’ (a g a in  d e te c te d  by sm e ll) . An in f le x io n  i s  
observed  n ea r th e -re g io n , of 300°C (R) which co rresponds to  an exp erim en ta l 
w eigh t lo s s  o f 19.3% ( th e o r e t i c a l  f o r  Cr en^Br^ Br i s  21.7% ). Between 
300° and 350°C th e  r a t e  lo s s  in c re a s e s  and from  350° to  395°C decom position 
i s  alm ost e x p lo s iv e . From 100° to  622°C a p la te a u  e x is t s  co rrespond ing  
to  an ex p erim en ta l ? /eigh t lo s s  o f  81,.7% a t  415°C ( t ) ,  w hile th e  th e o r e t i c a l  
w eigh t lo s s  c a lc u la te d  f o r  th e  ch ro m iu m (III)-o x id e  i s  85.5%. D ire c t 
w eighing o f th e  end-p roduct a f t e r  co o lin g  g iv e s  a w eight lo s s  of 85. 4%*
D.T.G-.Curve (F ig . 7 )
The re g io n  P co rresp o n d s to  s ta b le  range o f  the h y d ra te . W ater 
lo s s  i s  in d ic a te d  by th e  p re sen ce  of the  f i r s t  peak , a f t e r  which th e  s ta b le  
anhydrous bromide i s  in d ic a te d  by th e  trough  a t  Q. A fte r  225°C th e re  a re  
two b ro ad  peaks fo llo w ed  by a v e ry  sharp peak a t  370°C. The h o r iz o n ta l  
p o r t io n  o f  th e  curve above 4.00°C in d ic a te s  th e  e x is ten c e  of th e  s ta b le  
ch ro m iu m (lIl)-o x id e  i n  th e  reg io n  T.
The end-p roduct i s  a d a rk  green re s id u e .
The p ro b ab le  ro u te  o f decom position  can be  re p re se n te d  as fo llo w s j
|C r en^
W eight !
( i i i )  C h ro m iu m (III)~ trise th y len ed iam in e  io d id e  
ToG-oCurve (F ig . 1 )
The monohydrate (p ) i s  s ta b le  from room tem peratu re  to  8A°C a t  which 
p o in t i t  s t a r t s  lo s in g  w a te r . The anhydrous compound i s  s ta b le  from 135°
(Q) to  200°C. The experim en ta l w e ig h t  lo s s  a t  133° (Q) i s  2 .2 $ , compared 
w ith  th e  th e o r e t i c a l  v a lu e  o f 2.8%. Decom position s t a r t s  betw een 200° and 
210° w ith  e v o lu tio n  o f !e n ’, and in c re a s e s  s te a d i ly  u n t i l  280° ( r )  i s  
re a ch e d . From 290° to  320°C th e  decom position  i s  alm ost ex p lo s iv e . From 
341° (T) to  535°, a  p la te a u  i s  form ed. The experim en ta l w eigh t lo s s  a t  
341° (T) i s  88.1% as compared w ith  the  th e o r e t i c a l  v a lu e  of 88.0% f o r  
chrom ium (lIl)~oxL de. D ire c t w eighing of th e  end-p roduct a f t e r  co o lin g  
g iv es  a  w eigh t lo s s  o f 88 . 0%*
The end -p ro d u c t i s  a  dark g reen  r e s id u e .
The p robab le  ro u te  o f decom position can be re p re se n te d  as fo llo w s :
j_Cr en^] I^.H^O ——^  j^Cr e n ^ jl^   j_Cr e n ^ I ^ j l  -----^  i  Cr2°3#
W eight l o s s :  . . .Q (2*3) R 12.5%. (1 2 .4 ) T 88.1% (88.0 )
DoTpG-.Curve (F ig , 7 )
The re g io n  P co rresponds to  th e  s ta b le  range o f th e  h y d ra te  phase . 
W ater i s  l o s t  a f t e r  84°C as in d ic a te d  by a s h o r t  peak. The anhydrous 
phase i s  re ach ed  a t  th e  tro u g h  Q. A fte r  210°C th e  r a te  lo s s  i s  slow u n t i l  
270°C (R) i s  reach ed  when th e  r a t e  lo s s  becomes ex trem ely  ra p id , as in d i ­
c a te d  by th e  peak betw een R and T. A f te r  34-0°C, th e  fo rm atio n  o f s ta b le
ch ro m iu m (III)-o x id e  i s  in d ic a te d  by th e  h o r iz o n ta l  p o r t io n  o f th e  curve a t  T.
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( iv )  C h ro m iu m (III)-tr ise th y len ed iam in e  th io c y a n a te  
T. £ . Curve (F ig . 1 )
The monohydrate loses- w a ter from 42° to  97°. From 97° to  130°, a 
p la te a u  i s  form ed co rresp o n d in g  to  the  anhydrous compound. The ? ;e igh t lo s s  
a t  120° (q ) i s  3*5%, compared w ith  the t h e o r e t i c a l  va lu e  of 4.2%. Very 
slow r a te  o f lo s s  occurs from  130° to  162° , a f t e r  which decom position  
a c c e le r a te s  q u ic k ly  u n t i l  195° and an in f le x io n  occurs a t 210°C (R ). The 
w eigh t lo s s  a t  R i s  17.2%, The th e o r e t i c a l  v a lu e  f o r  the  lo s s  o f one 
m olecule o f t en* i s  18.4%. From 220° to  475°, th e re  i s  a  s tead y  lo s s  in d i­
c a t iv e  of a g ra d u a l d eco m p o sitio n . In f le x io n s  are  observed a t  and Sg, 
fo llo w ed  by a p la te a u  beg inn ing  a t  6 j 0° .
The w eigh t lo s s  a t  485° (Sj) i s  68.3%, a t  612° (j^) i s  and a t
685° (T) i s  80 . 0%.
The en d -p o in t was a  g reen  re s id u e . By d i r e c t  w eigh ing  a f t e r  co o lin g  
th e  w eight lo s s  i s  83,6%. S u b s id ia ry  h e a tin g  experim ents gave th e  fo llow ­
in g  o b se rv a tio n s ,
( a )  H eating  th e  th io c y a n a te  a t  220° f o r  th re e  h o u rs , th e  w e ig h t lo s s  i s  
17.8%. The p ro d u c t was a  compact dark  brown mass, some o f which 
was in s o lu b le  i n  w a ter and th e  so lu b le  p a r t s  gave a p ink  s o lu t io n . 
H eating  th e  p ro d u c t f o r  a f u r th e r  two hou rs , th e  w e ig h t lo s s  i s  
19.0%. The dark  brown p ro d u c t, a f t e r  fu s io n  w ith  NaOH to  g e t in to  
s o lu t io n  and on tre a tm e n t w ith  n i t r i c  a c id  and s i lv e r  n i t r a t e ,  gave 
a b la c k  p r e c ip i t a t e  fo llo w ed  by th e  e v o lu tio n  of hydrogen su lp h id e .
(b ) H eating a t  600°C f o r  s ix  hours gave a lo s s  o f  81 .4$ . The p roduct 
was a  lu s t r o u s  dark  g rey  re s id u e . .Again, h e a tin g  by r a i s in g  th e  
tem p era tu re  to  800° f o r  a f u r th e r  p e r io d  o f f iv e  and a h a l f  hou rs , 
gave a m u lti-c o lo u re d  ash w ith  s i lv e r y ,  m e ta l l ic  and g re e n ish  appear­
ance . On g rin d in g  a dark green powder was o b ta in e d . The w eight 
lo s s  i s  th e n  81 .5$ .
The ro u te  of decom position  may p o s s ib ly  be re p re se n te d  as fo llo w s :
v i a  -fee
[_Cr en3 j (SCNjj.HgO ----*  |cr  en^l(SCN)3 ----- * |_Cr en ^S C N )^  (S C I^ H -^ ^ C rg O j.
W eight lo s s  Q 3.552 (4 .2 )  K 17.255(18.4) T-80.0?5(18.2)
D.T.G-. Curve (F ig . 7 )
W ater lo s s  i s  in d ic a te d  by th e  s h o r t  b ro ad  peak between P and Q. The 
tro u g h  a t  Q co rresponds to  th e  anhydrous p h ase . A pronounced peak between 
Q and R p ro b ab ly  co rresponds to  a lo s s  o f one m olecule o f ^ n * .  Three main 
peaks fo llo w  betw een R and T, w ith  d e f in i t e  troughs a t  and Sg* The 
h o r iz o n ta l  p o r t io n  o f th e  curve beyond 685° p ro b ab ly  in d ic a te s  th e  fo rm atio n  
o f th e  c h ro m iu m (lIl)-o x id e .
(v) C h ro m iu m (IIl)- tr ise th y len e d ia m in e  su lp h a te
T.G-.Curve (F ig . 5 )
The h y d ra te  s t a r t s  lo s in g  w ater a t  38°• A very  s h o r t  n ea r p la te a u
occu rs  betw een 110° and 120° co rrespond ing  to  th e  anhydrous p h ase . The
w eig h t lo s s  a t  110° (q ) i s  1,5% w hile th e  th e o r e t i c a l  v a lu e  i s  1,1%, There
i s  a  s tea d y  lo s s  from  120° to  270° , a f t e r  which decom position becomes v e iy
f a s t  u n t i l  4-90° i s  reach ed , A s h o r t  in f le x io n  occurs between 490° and 500°,
a f t e r  w hich th e re  i s  a  g radua l lo s s ,  the  curve l e v e l l in g  o f f  a t  630°C. The
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w eigh t lo s s  a t  663° (T) i s  8 203$, w h ile  th e  th e o r e t i c a l  va lue  i s  81. 3% 
f o r  the  oxide*
The end-product ?ras a dark green residue. Direct weighing gave a 
weight lo ss  of 81.2%.
The ro u te  o f  decom position may be re p re s e n te d  as fo llo w s ;
[C r en3“| 2 ( s o ^ . s f e y )  — »  [Cr e n ^  2 ( S O ^  C r ^
W eight lo s s  _ q 7*5% ( 7 . 7 ) t  82,3% (8 1 .3 )
D«T»&. Curve (F ig . 9 )
The curve shows d efin ite  fla tten in g  at P, Q and T and fiv e  marked 
peaks between Q and T, the maximum being at 4-35°•
(v i )  Chromium( I I I  V trlsp ro p y l enediand.ne brom ide 
T*G-0Curve (F ig . 2 )
The m onohydrate i s  s ta b le  from room tem peratu re  to  34°C when i t  
s t a r t s  to  lo s e  w a te r . From 83° to  200°C, th e  anhydrous bromide i s  s ta b le ,  
as shown by th e  p la te a u . The ex p erim en ta l w e ig h t  lo s s  a t  123° (Q) i s  
2 . 8% w hile  t h a t  c a lc u la te d  for'Vanhydrous brom ide i s  3*5%. S l ig h t  d ev ia tio n  
from  th e  h o r iz o n ta l  occurs from  200°C to  260°C, a f t e r  which th e  r a te  lo s s  
in c re a s e s .  A s h o r t  in f le x io n  i s  seen n ear th e  reg io n  o f 298°C. The de­
com position  i s  ex trem ely  f a s t ,  and i s  com plete a t  405°C when a p la te a u  i s  
form ed. The w eigh t lo s s  a t  430° (T) i s  85*1$ esq)erim enta lly  found, as 
compared w ith  85*2% c a lc u la te d  f o r  th e  ch ro m iu m (lIl)-o x id e . D ire c t 
w eigh t of th e  en d -p ro d u c t- a  g reen  ash -  a f t e r  h e a tin g  to  840° and co o lin g  
o v e rn ig h t in s id e  fu rn a c e , g iv e s  85*7%•
The ro u te  o f decom position  i s  p o s s ib ly  th e  fo llo w in g  :
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|C r pn^jBr^.H^O 
Weight loss  
DoTpG-o Curve (Fig. 8 )
T his shows a s h o r t  b road  peak betw een 34° to  83°, p o s s ib ly  c o r re s ­
ponding to  lo s s  o f one m olecule o f w a te r . The tro u g h  a t  'Q co rresponds to  
th e  anhydrous phase . A sharp  peak i s  seen a t  270° , fo llo w in g  by a sh o u ld e r 
a t  310°, a s h o r t  b road  peak a t  350° and a v e ry  sharp  and h ig h  peak a t  383°C. 
The curve le v e l s  o u t again  a long  the zero  a x is  as from 430° (T ), which 
co rresp o n d s to  the s ta b le  oxide phase.
( v i i )
T .6 . Curve ( F ig .2)
The m onohydrate lo s e s  w a te r  from 40° to  75° when th e  anhydious 
p la te a u  beg ins to  form . The w eight lo s s  a t  103° (Q) i s  2.6%, compared 
w ith  2.7% c a lc u la te d  th e o r e t i c a l l y .  S l ig h t  d e v ia t io n  from  the  p la te a u  
i s  observed  from  170° to  200° , a f t e r  which a s te a d y  lo s s  occurs a t  a  v e ry  
f a s t  r a t e .  The r a te  o f d e c o m p o s itio n b e g in s  to  slow down from 210° to  
398°C. The oxide p la te a u  i s  o b ta in ed  from 398° onwards. The w eigh t lo s s  
a t  398° (T) i s  8 6 .1 $  w h ile  t h a t  c a lc u la te d  th e o r e t i c a l l y  f o r  th e  oxide i s  
8 8 .7 $ . The v a lu e  o b ta in ed  from  d i r e c t  w eighing i s  87 .1$ . The re s id u e  a f t e r  
h e a tin g  to  600°C i s  dark  g reen  w ith  a  p in k is h  t in g e .  I t  p ro b ab ly  in d ic a te s  
th a t  decom position  to  th e  oxide was n o t com plete.
The ro u te  o f decom position  may p o s s ib ly  be re p re s e n te d  as fo llo w s  :
h_Cr pn3 | l 3 .H20 ---- > [Cr i  Cr2° y
W eight lo s s  Q 2 .6 $ (2 .7 )  T 8 6 .1 $ (8 8 .7 )
\Cr pn3J Br.
Q 2 .8 ^ 3 .5 )
2 CrgO^.
T 85.1^(85.2)
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DoToG-o Curve (F ig . 8 )
A s h o r t  b road  peak i s  observed  from 30° to  60°C, p o s s ib ly  c o rre s ­
ponding to  w a ter lo s s .  The anhydrous io d id e  i s  in d ic a te d  by th e  trough  Q. 
A f te r  200°C, a  s h o r t  peak fo llo w in g  by  a ve ry  h ig h  sh arp  peak a t  290°, the 
curve s tea d y in g  down to  a  p la te a u  T n e a r 400°C, co rrespond ing  to  th e  oxide 
p h ase .
( v i i i )  Chromium(III )~irlspropylenediamine thiocyanate
ToG-oCurve (F ig . 2)
The monohydrate s t a r t s  lo s in g  w ater a t  39°. The anhydrous p la te a u
i s  found from  75° to  114° where a v e ry  s l i g h t  d ev ia tio n  o c cu rs . The w eigh t
lo s s  a t  100° (Q) i s  3 .0 ^  w h ile  th e  th e o r e t i c a l  v a lu e  i s  3*9fo. Very slov/
lo s s  from 114° to  176° is fo llo w e d  by a qu ick  lo s s  from 176° to  208°, th en
a slow lo s s  u n t i l  290° i s  reach ed . The w eigh t lo s s  a t  235° i s  1 7 .3 ^  ancL
a t  292° i s  20. 45^ > w h ile  th e  t h e o r e t i c a l  lo s s  i s  19 . 7^  f o r  th e  b isp ro p y le n e -
diam ine compound, i . e .  w ith  a lo s s  of one m olecule o f 'p n ’ . From 292° (R)
onwards, th e re  i s  a s tea d y  lo s s ,  in f le x io n s  o c cu rrin g  betw een re g io n s  474° ~
320° and 596° -  635°• The f i n a l  p la te a u  b e g in s  a t  660°. The w eight lo s s
a t  6 2 2 ° .(S ) i s  7 8 .0 ^  and a t 688° (T) i s  The th e o r e t ic a l  v a lu e  fo r
th e  fo rm atio n  of th e  oxide i s  83• 7/'°. The en d -p ro d u c t, a f t e r  co o lin g
o v e rn ig h t from 780° in s id e  th e  fu rn a c e , was a g reen  re s id u e . The w eigh t
lo s s  by d i r e c t  w eighing i s  34«4^.
The p o s s ib le  ro u te  o f decom position  may be  re p re se n te d  as fo l lo \7s ;
f Cr pn~J (SCN)3 .H20 — ^  [ Cr p n ^ S C N ) ^ — [ p r  pn2(SCN)2j  (SCN)—^  J C r ^
W eight lo s s  Q 3*0% (3*9) 2 0 .4 ^ (1 9 .7 ) T 1S,~1%>
(8 3 .7 )
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Do T.G-. Curve (F ig . 8)
W ater lo s s  i s  shown by th e  peak a t  45°, fo llo w ed  by th e  tro u g h  a t  Q,
co rresp o n d in g  to  th e  anhydrous compound. l i f t e r  17^° a  sharp  peak makes i t s
appearance , p ro b ab ly  in d ic a t in g  th e  lo s s  o f th e  f i r s t  m olecule o f 'pn* .
Between 215° and 475° th e re  a re  numerous sm all peaks and a pronounced peak
a t  430°. A d e f in i te  tro u g h  i s  seen  a t  S-^  betw een 475° and 520°C, fo llo w ed
by a b ro ad  s h o r t  peak a t  380°, w ith  the  curve t a i l i n g  o ff  a long  th e  zero
a x is  as from 650° v ia  a  s l i g h t l y  e le v a te d  f l a t  p o r t io n  a t  Sg*
( ix )  Chrom ium (III trlspropylenediainr.ne su lp h a te  
14 G-^  Curve (Fig.6>) " ~
The h y d ra te  s t a r t s  lo s in g  ¥/ater a t  41°, a f t e r  which decom position
i s  g ra d u a l, becoming f a s t  from 394° to  449°. A s h o r t p la te a u  i s  observed
n e a r  th e  re g io n  an in f le x io n  r e a r  th e  re g io n  Sg and a f i n a l  p la te a u
a f t e r  640°. The w eig h t lo s s  a t  479° (S ^ ) is  a t  5&5° (Sg) i s  79 .2$
and a t  683° (T) i s  8 3 .8 ^ . T h e o re tic a l  va lue  f o r  th e  oxide i s  84.4!$.
The en d -p ro d u c t was a  dark  green re s id u e . The va lu e  o b ta in e d  by
d i r e c t  w eighing a f t e r  c o o lin g  o v e rn ig h t in s id e  the  fu rn ace  i s  84 .4^ .
L i t t l e  ev idence  o f s ta b le  in te rm e d ia te s  means t h a t  a l l  t h a t  may be s a id
about th e  ro u te  o f  decom position  i s  th a t  the su lp h a te  decomposes v ia  the
in te rm e d ia te s  to  th e  c h ro m iu m (ill)-o x id e ,
DoToG-o Curve (F ig . 9)
There a re  few  pronounced f e a tu re s  o f th e  D.T.G. curve of th e  su lp h a te .
The on ly  p o in ts  o f i n t e r e s t  a re  th e  pronounced peak a t  413° and th e  tro u g h
a t  S^between 470° and 500°.
- 8 0 -
(x)
To&oCurve (F ig . 5 )
The hy d ra te  i s  s ta b le  from room tem p era tu re  to  50°, a f t e r  which 
s tead y  decom position  o ccu rs , becoming very  f a s t  a f t e r  77°C. A s l i g h t  
d e f le c t io n  i s  seen  a t  210° (Q ). The w eigh t lo s s  a t  t h i s  p o in t  i s  l6,Cf%, 
Decom position i s  v e ry  f a s t  u n t i l  623° i s  reached  when a p la te a u  appears  
ex ten d in g  as f a r  as 890°. The w eight lo s s  a t  758° (S^) i s  58*J>%>. The 
t h e o r e t i c a l  w e ig h t lo s s  f o r  th e  fo rm a tio n  o f th e  pyrophosphate, 
i s  60.C$. From 890° th e re  occurs a s l i g h t  b u t g radua l lo s s ,  th e  curve 
s tea d y in g  down n e a r  th e  re g io n  Sg* a f t e r  which th e  p ro d u c t lo s e s  w e ig h t 
s l i g h t l y  even a t 1400°C. The w eight lo s s  a t  120.5° (Sg) i s  60.7%,
The en d -p ro d u c t, a f t e r  co o lin g  o v e rn ig h t, was a b lack  re s id u e  w ith  
g reen  specks. The lo s s ,  by d i r e c t  w eighing, i s  66,6% and the th e o r e t i c a l  
lo s s  f o r  chromium o rth o p h o sp h a te , CrPO^ i s  67. 6^ .
The re s id u e  was shown ch em ica lly  to  c o n ta in  chromium and phosphate.T he 
X -ray  powder pho tograph  re v e a le d  no p a t te r n ,  thus su g g es tin g  th e  amorphous 
n a tu re  o f  th e  p ro d u c t (See d is c u s s io n ) .
D ecom position i s  r a t h e r  f a s t ,  p ro b ab ly  owing to  th e  f a s t  r a t e  o f  
h e a tin g . P o s s ib ly  th e  ro u te  of decom position  can  be re p re se n te d  as follo?irs?
- lo in ^ o
[C r  e n J 2 (H P04 ) 3 .9 H 2 0   i  C r ^ P g O .,)4 V 2 7 3
W eight l o s s ; 66,6% ( 67. 6 )
D.T.G. Curve (F ig . 12 )
The curve shows f l a t t e n in g  along th e  zero  a x is  a t  P, S-^  and 
w ith  two main peaks a t  140° and a t 272°, fo llo w ed  by a broad- peak between 
400° and 6^ 0° and a s h o r t  b ro ad  hump betw een and S^.
( x i )  Compound D -JC r en 3 ? \ * 3H20 
T.G.Curve ( F i g .3)
The h y d ra te  i s  s ta b le  from room tem peratu re  to  42°. W ater i s  l o s t  
s t e a d i ly  from 42° to  110°C» The p la te a u  ex tend ing  from 120° to  130° 
co rresp o n d s to  th e  s ta b le  re g io n  o f th e  anhydrous compound. The w eight 
lo s s  a t  120° (Q) i s  1 4 .1 $ , compared w ith  th e  th e o r e t i c a l  value of 1 4 .2 $ . 
From 130° to  232°, th e  lo s s  i s  slow . However, from 232° to  260° th e  lo s s  
o f w eigh t i s  v e ry  ra p id .  E thy lene  diam ine i s  b e in g  evolved a t  t h i s  s tag e  
(a s  in d ic a te d  by i t s  c h a r a c te r i s t i c  s m e ll) .  A f te r  t h i s ,  the  lo s s  of 
Tfeight slow s down and th e re  i s  an in f le x io n  a t  about 270° (fi.).
The w eigh t lo s s  a t  270° (k ) i s  3 0 .1 $  w h ile  t h a t  c a lc u la te d  f o r  th e  
lo s s  o f one m olecule o f  4 n ! i s  29.9$* A f te r  280° th e  lo s s  o f w e ig h t 
i s  ra p id  w h ile  i t  e v e n tu a lly  slows down a t  480° to  g ive  a p la te a u  from 
56o° to  970°. The w eight lo s s  a t  833° ( s )  i s  39 .9$  w hile  t h a t  c a lc u la te d  
fo r  th e  fo rm atio n  o f  chromium o rth o p h o sp h a te , CrPO^, i s  6 l .4 $ .  The v a lu e , 
by d i r e c t  w a lk in g  a f t e r  c o o lin g  o v e rn ig h t, i s  61. 3$ .
The en d -p ro d u c t was a g rey  r e s id u e  which an a ly sed  in  the  r a t io  
1 : 1  f o r  chromium : p hosphate .
The p ro b ab le  rouue o f  decom position  may be re p re se n te d  as  fo llo w s :
-82-
-  -3H?0 _ -e n  ° -2  en
[C r en ^ P O ^ H g O  — > (Cr en^|PO^ — >  jCr en^O M  -----------  CrPO^
Weight lo s s  I Q 14.0^6 (1 4 .2 ) R 3 0 .1 ^  (2 9 ,9 ) S 59*9$ (6 1 .4 )
DeToG-o Curve (F ig . 10)
T his curve s t a r t s  w ith  a f l a t  p o r t io n  a t  P co rrespond ing  to  th e  
h y d ra te , fo llo w ed  by  a peak a t  100° and a second f l a t t e n in g  a t  Q c o r re s ­
ponding to  the  anhydrous compound. A second pronounced peak ,w hich  i s  v e ry  
sh arp , occurs  a t  230° „ There i s  a  tro u g h  above th e  zero a x is  a t  R. Two 
more peaks fo llo w  b e fo re  f l a t t e n in g  occurs once again  from 540° th roughou t 
th e  re g io n  S. T h is p ro b ab ly  co rresponds to  -the fo rm atio n  of c h ro m iu m (lll) -  
o rth o p h o sp h a te .
°V ( x i i )  Compound E -  | Cr en^ | AsO^^H^J
T oG-o Curve (F ig .4 )
The h y d ra te  i s  s ta b le  from room tem peratu re  to  50°, a f t e r  which i t
lo s e s  w a te r u n t i l  92° i s  reach ed , when a p la te a u  ex tend ing  to  120° s e t s  in .
This co rresponds to  the anhydrous s ta g e . The w eight lo s s  a t  113° ( Q ) ' i s
1 1 .1 ^  compared w ith  th e  th e o r e t i c a l  va lue  o f  32 .7 %• From 120° to  230°
v e ry  s l i g h t  lo s s  o ccu rs, decom position a c c e le r a te s  a f t e r  230° , an in f le x io n  
o c cu rrin g  from  268° to  7^0°, fo llo w ed  by a f u r th e r  quick lo s s  u n t i l  420° 
when a p la te a u  i s  formed which ex tends up to  80C°C.
The w eight lo s s  a t  283° (R) i s  3 i»2($ , w hile t h a t  c a lc u la te d  f o r  the  
lo s s  o f one mo3.eoale o f *e n ? i s  2 o .8 ^ . The w eight lo s s  a t  615° (S^) i s  53«0$i 
w h ile  th e  t h e o r e t i c a l  va lue  f o r  the  fo rm atio n  of chromium orthoarsenatejC rA sO ^ 
i s  55*5%* A sm all lo s s  occurs from  800° to  880° , g iv in g  a s h o r t  p la te a u
from 880° to  933°• The w eigh t lo s s  a t  920° (S2 ) i s  5 5 .0 $ . The th e o r e t i ­
c a l  v a lu e  f o r  a r s e n a te ^ a r s e n i te  fo rm atio n  (see  d is c u s s io n  -  p a g e / 6£ )  i s  
5 6 .9 $ . From 950°, f u r th e r  decom position occurs a t  a  f a s t  r a t e ,  slow ing 
down a f t e r  1130° i s  re ach ed , The f i n a l  p la te a u  ex tends from  1150° to  
134-00» The Y/eight lo s s  a t  134-0° ( t )  i s  80. %  compared w ith  the t h e o r e t i c a l  
v a lu e  o f  82 .1 $  f o r  th e  fo rm atio n  o f th e  chromium ox ide , Cr^O^. D ire c t 
w eighing a f t e r  c o o lin g  g iv es  a va lue  o f 82 . 4$o
The end-p roduct was a dark  green re s id u e  which on q u a l i t a t iv e  a n a ly s is  
re v e a le d  th e  p resence  o f chromium a lo n e , (The re s id u e  an a ly ses  to  g ive  a  
v a lu e  o f 71$  chromium w hereas Cr20^ r e q u ir e s  68, 4$ ) .
The p ro b ab le  r a t e  o f decom position may be re p re se n te d  as fo llo w s  : 
-3H2° _ -e n  _ 0 -en
£Cr en^jAsO^. 3H^0 —; jcr en^ As0^«—---->  j^ Cr en^AsoJ — — CrAsO^
W eight lo s s  : Q 1 I .1 $ (1 2 .7 )  R 3 1 .2 $ (2 6 .8 ) , Sx 53 .0$ (55 .3
1-  h-pQ ^ i  CrAsO, • CrAsO-* __ 6*2—  4  Cr^O,
^  2 3 ^ ( y - - - 2 2 3
S2 5 3 .0 $  (5 6 .9 )  T 80 .9$  (8 2 .1 )
PoToG-o Curve (F ig , 11)
The f i r s t  peak , co rrespond ing  to  w a te r lo s s ,  i s  a t  80°, I t  i s  
fo llo w ed  by a tro u g h  Q which co rresp o n d s to  the  fo rm atio n  of the  anhydrous 
compound. Then a lo n g  p la te a u  S-^  i s  fo llo w ed  by a sm all peak a t  86o°*
T h is , in  tu r n ,  i s  fo llo w ed  by a s h o r t  tro u g h  S2 a h ig h  peak a t  1040°.
T his peak most p ro b ab ly  co rresponds to  th e  lo s s  o f a rs e n ic  pen tox ide
and th e  f i n a l  p la te a u  T w i l l  th u s  re p re s e n t  th e  s ta b le  ch ro m iu m (lIl)-o x id e .
-84-”
( x i i i )  Compound F -  ^Cr pn^^HPCy HgPCy 71^0
ToGoCurve (F ig , 6 )
The h y d ra te  i s  s ta b le  from room tem p eratu re  to  36°. reco m p o sitio n  
th e n  occurs  u n t i l  95° when a p la te a u  i s  form ed from 95° to  125°. The 
w eigh t lo s s  a t  105° (Q) i s  10 . 8$ , A fte r  130° decom position  occurs  ag a in , 
w eigh t b e in g  l o s t  s te a d i ly  u n t i l  54-0° a f t e r  which an o th er p la te a u  s e ts  in  
ex tend ing  to  670°. The w eigh t lo s s  a t  610° (T) i s  6 2 . ^ .
The end -p ro d u c t a f t e r  co o lin g  from  670°,was a  dark brown r e s id u e .  
The w eight lo s s ,  by d i r e c t  w eighing, was 62 .2$ . By a p rev ious p y ro ly s is  
experim ent, th e  end -p roduct a f t e r  be ing  h e a te d  to  1300° was o f a l i g h t  
brown c o lo u r . By chem ical a n a ly s is ,  chromium and phos­
p h a te  was shown to  be p re s e n t .  X -ray  powder s tu d ie s  showed, however, no 
p a t t e r n  a t  a l l .
No s a t i s f a c t o r y  decom position  r e a c t io n  could  be d e riv ed  from th e  
above ex p e rim en ta l lo s s e s ,  assuming th e  fo rm u la tio n  su g g ested  from th e  
chem ical a n a ly s is  o f compound F.
DoToG-oCurve (F ig . 12 )
Three main peaks a re  observed a t  50°, l 6o° and 500°, and th re e  
f l a t  p o r t io n s  P, Q, T a long  th e  zero a x is .
ToGoCurve ( F ig ,3 )
The h y d ra te  i s  s ta b le  from room tem p eratu re  to  34-°* a f t e r  w hich 
decom position  occurs s t e a d i ly  up to  155° a t  which p o in t an in f le x io n  o ccu rs .
-85-
A slow w eig h t lo s s  c o n tin u e s  up to  about 300°. The w eigh t lo s s  a t  258°
(R) i s  4 3 .4 $ . th e o r e t i c a l  v a lu e  c a lc u la te d  f o r  th e  lo s s  o f w ater
to g e th e r  w ith  one m olecule o f *pn! i s  44-.4$. Above 300° decom position  
s t i l l  co n tin u es  g ra d u a lly  u n t i l  450° i s  reached  when a p la te a u  commences 
to  form . The w e ig h t lo s s  a t  601° (s) i s  70 ,0$  w hereas th e  t h e o r e t i c a l  
v a lu e  f o r  th e  fo rm atio n  o f chromium o rth o p h o sp h a te , CrFO^, i s  72 .3 $ .
The en d -p ro d u c t, a f t e r  c o o lin g , was a  y e llo w ish  g reen  r e s id u e , Analy* 
sis. raveakid th e  p resence  o f  chromium and phosphate . The lo s s ,  by d i r e c t  
w eighing , was 72 . 5%#
By a s u b s id ia ry  p y ro ly s is  experim ent th e  res id u e , a f t e r  h e a tin g  to  
1150°C, w as o f a  dark green c o lo u r . I t  a lso  gave an X -ray p a t te r n  
s im ila r  to  a-C rP0^ (See Table 39)*
The p robab le  ro u te  o f decom position  may be re p re se n te d  as fo llo w s  :
-(9H ?0+pn) _ _ o ?-Pn
jd r  pn^jP0^.9H 20 -----— ---- >  [C r P ^ P O j  ------------- ^  CrPO^
W eight l o s s :  R 4 3 .4 $  (4 4 .4 ) S 70 .0 $  (7 2 .3 )
P.ToG-0 Curve (F ig . 10)
Three very  c lo se  peaks a re  o b ta in ed  betw een 34° and 190°. The 
tro u g h  Q i s  above th e  zero  a x is .  A nother prom inent peak i s  observed a t  
4 3 0 ° , fo llo w ed  by a  p la te a u  a t  S, co rrespond ing  to  the  fo rm ation  o f 
ch rom ium (III) -o r th o p h o sp h a te ,
(xv) Compound H -  j Cr pn7 ^(HAsO^^^HgO)
T.GoCurve (F ig ,6 )
The h y d ra te  i s  s ta b le  from room tem peratu re  to  40°, a f t e r  which i t
- 8 6 -
decomposes s t e a d i ly .  There i s  a s l ig h t  in f le x io n  a t  105° (Q) and
a t  372°, and a p la te a u  a t  480°, Three p la te a u x  appear between 490° and
930°. The w eigh t lo s s  a t  490° (S^) i s  59 .8$ , a t  740° ($2 ) i-s 61 .4$  and
a t  938° (S^) i s  64 .4$ . The th e o r e t i c a l  v a lu e  f o r  th e  fo rm atio n  o f
p y ro a rse n a te , Cr^ASgCL,)^, i s  5&*0$, th a t  o f o r th o a rs e n a te , CrAsO^, i s
the
66, 2$  and th a t  o f /a r s e n a te - a r s e n i te  compound (see  d is c u s s io n  -  page 16 )^ 
i s  67. 6$ , From 950° to  1075°, th e re  i s  a s tea d y  w eight lo s s ,  fo llow ed  
by a s l i g h t  lo s s  which co n tin u es  u n t i l  1330° when a p la te a u  i s  form ed.
The w eight lo s s  a t  1338° ( t )  i s  86 ,9$ , compared w ith  th e  t h e o r e t i c a l  
v a lu e  o f 86. 5$  f o r  th e  fo rm atio n  o f th e  ox ide , Cr20^ .
The end -p roduct was a green re s id u e  on w hich q u a l i ta t iv e  a n a ly s is  
re v e a le d  th e  p resence  o f chromium o n ly . The w e ig h t lo s s ,  by d i r e c t  
w eigh t, was 86 , 6$ ,
The p o s s ib le  ro u te  of decom position  may be re p re se n te d  as fo llo w s : 
i Cr p n £ j2(HAs0^)3 .9H20 — — >  i  C r ^ A s ^ ^  --------> CrAsO^.CrAsO^— C r ^
W eight l o s s :  S-,59.8$ (56 .0 )  Sx 6 4 .4 $ (6 7 .6 ) T 8 6 .9 $
1 3  (8 6 .5 )
D.T.G-oCurve (F ig , 12)
The curve shows a number o f peaks, -a t l e a s t  seven, namely a t
6o°, 140° , 330° , 430° , 650° ,  840° , and I 0600, to g e th e r  w ith  f iv e  n e a r ly
f l a t  p o r t io n s  P, S-^, S0, and T a long  o r v e ry  c lo se  to  th e  zero a x is .
The tro u g h  a t  P co rresponds to  th e  h y d ra te  p h ase . The tro u g h s a t  S^,
S^j S , p ro b ab ly  co rrespond  to  th e  fo rm atio n  o f c h ro m iu m (lI l) -o r th o a rse n a te  
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which i s  undergoing  slow b u t g rad u a l decom position  to  th e  a r s e n a te - a r s e n i te
s ta g e . The peak a t  1060° in d ic a te s  th a t  a rs e n ic  p en to x id e , As2^^9 i s  
be in g  l o s t ,  and th e  f i n a l  trough  a t T co rresponds to  th e  s ta b le  
ch ro m ium (IIl)~ ox ide .
(x v i)  Compound J  -  [_Cr pn^AsO^^H^O 
T.Ct3 Curve (F ig .4)
The h y d ra te  i s  s ta b le  from room tem peratu re  to  40 °, a f t e r  which 
th e re  i s  a s tea d y  lo s s  o f w eigh t up to  98°. An in f le x io n  occurs betw een 
98° and 110°. The w eigh t lo s s  a t  100° (q ) i s  17.8% ( th e  t h e o r e t i c a l  
v a lu e  co rrespond ing  to  a lo s s  o f 6 m olecules o f w a te r  i s  18.8% w hile  t h a t  
co rrespond ing  to  a  lo s s  of a l l  9 m olecules o f vfater i s  28 . 2%).
Beyond 110° decom position  1? g ra d u a l, slow ing down a t  410°. A 
n e a r p la te a u  i s  observed  from  435° to  465° (Sj) fo llow ed  by a very  s l i g h t  
lo s s  o f w e ig h t u n t i l  605° (S^) i s  reached , when a lo n g e r  p la te a u  occurs 
ex ten d in g  to  791°* A more ra p id  lo s s  o f w eight i s  observed  from 791° 
to  826° , vtfhen a g a in  a  s h o r t  p la te a u  i s  form ed which ex tends to  880° .
The w e ig h t lo s s  a t  465° ( 8^) i-s 66.9%, th a t  a t  605° (Sg) 68. 6% and th a t  
a t  837° (S^) i s  72.0%. The th e o r e t i c a l  v a lu e  co rrespond ing  to  th e  fo rm atio n  
o f  c h ro m iu if l( lI l) -o r th o a rse n a te  i s  66. 8% and th a t  co rrespond ing  to  th e  
fo rm a tio n  o f a r s e n a te - a r s e n i te  i s  68. 2%.
Beyond 880° th e re  i s  a g rad u a l lo s s  of w e ig h t ?jhich becomes more 
ra p id  a f t e r  935°• The decom position slows down a f t e r  1012°, a  p la te a u  
o c cu rrin g  a f t e r  1100°. The w eigh t lo s s  a t  1120° (T) i s  89.9% w hile, th e  
t h e o r e t i c a l  v a lu e  f o r  th e  fo rm atio n  of ch ro m iu m (lIl)-o x id e  i s  86 , 8%,
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The end-p roduct was a green  re s id u e  which gave an X -ray diagram  
s im ila r  to  the  chrom iuan(III)~oride. By d i r e c t  w eighing a f t e r  c o o lin g  
th e  w eigh t lo s s  i s  92 .1$ .
The p o s s ib le  ro u te  o f decom position may be re p re s e n te d  as fo llo¥ /s :
P.ToG-.Curve (F ig . 11)
The curve shows a s e r ie s  o f peaks a t 60°, l6 0 ° , 320°, 390°, 820°, 
and 990° and a s e r i e s  o f troughs a t  P, Q, Sj, S0i> S^, and T. The p o r t io n  
a t  P in d ic a te s  th e  h y d ra te  phase , Q. p ro b ab ly  th e  u n s ta b le  t r ih y d r a te .
Loss o f v o l a t i l e  p ro d u c ts  i s  in d ic a te d  by a s e r ie s  o f peaks from P to  S- .^ 
From to  S^, p ro b ab ly  in d ic a te s  th e  fo rm atio n  o f chromium( I I I  ^ o r t h o -  
a rs e n a te  and th e  slow decom position  of a rse n a te  in to  th e  a r s e n a te - a r s e n i te  
compound. The peak a t  990° in d ic a te s  th e  lo s s  of a rs e n ic  p en to x id e , 
ASgO^, and th e  tro u g h  a t  T co rresponds to  th e  fo rm a tio n .o f  th e  s ta b le  
ch ro m iu m (lIl)-o x id 9  as the  en d -p ro d u c t.
CrAsO
W eight lo s s  % Q 1 7 .8 ^  (1 8 .8 ) T 8 9 .9 ^  
(86. 8 )(b6*3)
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I I I .  3* Speotrophotometric Studies
The sp ec tro p h o to m etrie  measurements were c a r r ie d  o u t a t  about 
25°C. The th ic k n e ss  o f th e  s i l i c a  c e l l  u sed  th roughout th e  in v e s t ig a t io n s  
was one c e n tim e tre , w a te r be in g  used as a  re fe re n c e  s o lu t io n .
In  o rd e r to  m inim ise th e  r i s k  o f in te r a c t io n  w ith  the so lv e n t 
w a te r , f r e s h ly  p re p a red  s o lu tio n s  o f th e  compounds under t e s t  were always 
u sed , and th e  sp ec tro p h o to m etric  measurements com pleted w ith in  two h o u rs . 
The ex p erim en ta l r e s u l t s  a re  ta b u la te d  on pages 
( i )  For ch ro m iu m (lIl)--tr ise th y len ed iam in e  compounds (T able 26 ).
( i i )  For chromium(I I I J-td^propylenediamine compounds (Table 27 ).
( i i i )  For phosphates and a rs e n a te s  d e riv e d  from  ( i )  (Table 2 8 ).
( iv )  For phosphates and a rs e n a te s  d e r iv e d  from ( i i ) ( T a b le  29 ).
The s p e c t r a l  cu rves a re  shown in  F ig u res  13 -  16.
and t h e i r  maxima and minima o f a b so rp tio n  a re  summarised in  Table 30*
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I I I .  4 . O ther Methods
A ttem pts have been made to  c h a r a c te r is e  th e  p ro d u c ts  of therm al 
decom position  by b o th  in f r a - r e d  sp ec tro scopy  and X-ray powder diagram s.
By ta k in g  m a te r ia l  which h a d  been h ea ted  to  th e  p o in t where a p la te a u  o r  
a  p o in t  o f in f le x io n  would be  formed on th e  thermograms, i t  was hoped 
to  g a in  in fo rm a tio n  r e l a t i n g  to  th e  p resen ce  o r absence of v a r io u s  l ig a n d s  
and p o s s ib ly  to  t h e i r  mode o f bonding. Thus in f r a - r e d  measurements were 
made on v a r io u s  p ro d u c ts  i s o la t e d  a t  in te rm e d ia te  te m p e ra tu re s . The 
en d -p ro d u c ts  were in v e s t ig a te d  s o le ly  by X -ray  s tu d ie s  in  an a ttem p t to  
c h a r a c te r is e  them c le a r ly .
(-0 The I:ifra -B ed  s tu d ie s
For com parison purposes the  in f r a - r e d  sp ec ra  of c h ro m iu m (ill)-  
hexaquo pho sp h ate , p ^ H g O jg  j 
therm al decom position  p ro d u c ts  and a lso  of e thy lened iam ine  have been 
in c lu d e d  (se e  T ab les 31, 32, 33; PP . . The r e s u l t s  o f th e  two
chromium hexaquo compounds are  due to  Luka,ze?/ski and B edfern u) and some 
t e n ta t iv e  assignm ents and an in d ic a t io n  of p ro b ab le  com position  o f th e
compounds have been in c lu d e d .
3 -  -1The io n ic  P0, seems to  have a  band in  the re g io n  950-1100 cm 4
, > . (1 , 2 , 3 , 4 ) .
3 -  -1The io n ic  As0; seems to  have a band in  the reg io n  750 cm
(1 , 2, 3 , 4 ) .
and a rse n a te  j^C^HgO)^ j AsO^, and t h e i r
The e thy lened iam ine has hands (2 , 3 , 5)
a t  -- 1360 cm x , most l i k e ly  due to NHg deform ation  and CN
s tr e tc h in g  v ib r a t io n s ,  
a t  2934 ~ 2914 cm most l i k e ly  due to  CH s tre tc h in g  v ib ra t io n s
a t  3237 "• 3335 cm \  due to  NH s tre tc h in g  v ib r a t io n s ,
3 - -1Bonded PO^ seems to  have two bands in  the re g io n , one ■'-• 935cm
and th e  o th e r  1140 cm
3 - -1Bonded AsO seems to  have a band in  the  re g io n  - - 850 cm ,4-
( a ) Ctfflpcund D -  ]_Cr en^j PO^OHgO (See Table 34)
H eated to  120° -  140°C -  Expected  com position [Cr en^jPO^ (o ran g e -y e llo w ).
The s tro n g  a b so rp tio n  band n ear the  re g io n  o f 9^9 cm ^ may be
a ss ig n e d  to  th e  io n ic  P O ^  group. I t s  shape, compared w ith
i s  somewhat m odified , p ro b ab ly  due to  the  in f lu e n c e  o r  o th e rw ise  o f th e
hydrogen bond ing . The band a t  1600 cm ^ i s  alm ost c e r ta in ly  due to  th e
NH  ^ d efo rm ation  v ib r a t io n s  of the  re n ’ l ig a n d  and th e  b road  band between
2683 -  3187 cm ^ most l i k e l y  due to  m odified  CH and NH s t r e tc h in g  v ib r a t io n s .
Heated to  76q°C -  Expected com position  Cr PO^ (g rey ).
The a b so rp tio n  due to  the  phosphate  grouping occurs as a  v e ry
b ro ad  band betw een 953 -  1155 cm which compares w ith  Cr PO^ p rep a red
from [^(H gO ^^P O ^. There i s  a v e ry  in te n s e  sharp peak a t  1155 cm \
The a b so rp tio n  a t  lo50  cm i s  v e ry  weak, vfhile th e  b roadening  in  th e
-1re g io n  2683 -  3187 cm has d isap p ea red  co m p le te ly , thus im plying  th e  
v i r t u a l  com plete absence o f !e n ’ .
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0 0  Compound E -  [C r en^AsO^^HgO (see  Table 35)
Heated to  120°C -  Expected com position j^ Cr enxjAsO^ (ye llow ) .
The main peak a t  789 cm ^ i s  a  s tro n g  one, p ro b ab ly  a t t r i b u t e d  to  
th e  io n ic  a rs e n a te  grouping , A sO ^ . I t s  shape, compared w ith
AsO^, i s  somewhat m odified , p robab ly  due to  the  in f lu e n c e  o r 
o th e rw ise  o f th e  H bonding. A weak broad  band a t  1623 cm ^ may be
a t t r i b u t e d  to  th e  NH  ^ defo rm ation  v ib r a t io n s ,  and a v e ry  b road  band of 
medium in t e n s i t y  betw een 2687 “ 3125 cm ^ i s  most l i k e l y  due to  m od ified  
CH and NH s t r e tc h in g  v ib r a t io n s .
o
H eated to  240° -  250°C -  Expected com position  jj^r en^ AsO^J (g re y -  
y e llo w ish  g re e n ) .
The in t e n s i t y  o f th e  main ab so rp tio n  band i s  a p p rec iab ly  decreased  
and i s  s h i f t e d  to  859 cm ^ (a  s h i f t  o f 70 cm ^ tow ards th e  re g io n  o f h ig h e r 
f r e q u e n c ie s ) .  T his compares w ith  th e  s p e c tra  o f [^ (H p O ^ .A sO ^ o b ta in e d
tm —j
by h e a tin g  j C ^H gO )^ AsO^ to  110°C (see  Table 32) in  w hich th e re  i s  a
-1  3 -s h i f t  o f th e  main band from  750 to  850 cm due to  th e  bonded AsO^
group ing . A weak b road  band o c cu rrin g  a t  1600 cm ^ may be ass igned  to  
th e  NH  ^ d efo rm ation  v ib r a t io n s  o f  th e  fe n ’ l ig a n d . The b road  band in  
th e  re g io n  o f 3000 cm ^ i s  now le s s  pronounced th an  in  th e  compound 
j Cr en^jAsO^ and i s  showing b eh av iou r s im ila r  to  t h a t  o f th e  a b so rp tio n  
bands o f th e  w a te r o f c o n s t i tu t io n  in  \ Cr (HgO 
d e h y d ra tio n .
)g j AsO, cn i  t s  p ro g re s s iv e
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H eated to  640°C -  Expected com position Cr AsO^ (muddy brow n).
The p r in c ip a l  ab so rp tio n  peak occurs a t  875 cm ^ and r e f e r r in g  to  
Table 32, i t  may be seen  th a t  t h i s  corresponds q u ite  c l e a r ly  to  the  s p e c tra  
of Cr AsO^, o b ta in e d  by h e a tin g  AsO^. There i s  a lso  a com plete
absence o f peaks in  the  re g io n  3000 cm ±9 which im p lie s  th e  absence of 
fe n ’ lig a n d .
( c ) Compound C -  j^Cr ( see Table 3b)
H eated to  730°C -  P robab le  com position  ** ^ rowni sk b la c k .
-1A v e ry  b ro ad  and in te n s e  band occurs between 850 and 1250 cm w ith  
a s l i g h t  d ip  a t  1025 cm 1 and two p r in c ip a l  peaks, th e  f i r s t  a t  915 and 
th e  second a t  1140 cm This i s  c o n s id e ra b ly  m odified  to  any bonded
o r io n ic  phosphate  bands a lre a d y  o b ta in ed  b u t  i s  in  the  same g en era l re g io n . 
P o ss ib ly  t h i s  may be a t t r i b u t e d  to  the  pyrophosphate grouping . However, 
t h i s  assignm ent can o n ly  be te n ta t iv e  as i t s  p a t te r n  does no t d i f f e r  
a p p re c ia b ly  from th e  shape o f some of th e  phosphate bands a lre a d y  obtained* 
W  0impound ff -j^Cr Pn^ j  ^S6e 36)
H eated to  700°C -  p ro b ab le  com position  C r^PgO y)^ ~ dark  brown.
An ex trem ely  b road  and in te n s e  band occurs between 850 and 1350 cm \  
Again t h i s  may p o s s ib ly  be a t t r i b u t e d  to  th e  pyrophosphate g roup ing .
( e ) Compound G- - ( C r  pn^lPO^^H^O (se e  Table 36)
H eated to  910°C -  Expected com position  CrPO^ (g re y is h ) .
A v e ry  b road  and in te n s e  band ap pears  w ith  peaks a t  9&9 cm ^
1135 cm ^ and a s l i g h t  d ip  a t  1000 cm \  CrPO^ h ea ted  to  900°C which i s
r   » —2.
p re p a red  from  rO^ has p r in c ip a l  peaks a t 935 cm and l l 60 cm
The two compounds th u s  g ive s p e c tra  which a re  s im ila r .
OT Compound J  -  J c r  pn^|A sO ^.9 ^ 0  (see  Table 37)
E eated  to  12G0°C -  Expected  com position  Cr^O^.
As would be expec ted  from Cr^O^ (6 ) no main p e ak s  a re  o b ta in ed
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K F . (2) X-Ray Analyses
In  o rd e r to  a s c e r ta in  th e  n a tu re  o f th e  end -p roducts  o b ta in ed  from  
therm cg rav im etric  s tu d ie s ,  some sam ples were su b m itted  to  X -ray a n a ly s is ,  
X -ray  powder p ic tu r e s  were taken  of th e  sam ples in  a 9 .0  cm. Unicam 
camera u s in g  Cu Kd r a d ia t io n  in  co n ju n c tio n  w ith  n ic k e l  f i l t e r i n g .
For t h i s  th e  sam ples were r o l l e d  w ith  ' secco tin e*  to  g ive  th in  c y l in d r ic a l  
ro d s  ( l e s s  th an  0 .05  cm. in  d iam eter) which were  th en  s u i ta b ly  mounted 
i n  th e  cam era. Exposures o f about two h o u rs  had to  be used , and in  
consequence th e  background r a d ia t io n ,  due to  the  f lu o re sc e n c e  e x c i ta t io n  
of chromium, was r a th e r  heavy. However, i n  most c a se s , t h i s  d id  n o t 
p re v e n t s a t i s f a c to r y  i d e n t i f i c a t i o n  o f th e  powder p a t te r n s .
Measurements o f ndn sp ac in g s  in  each powder p a t te r n  was made by means 
o f a  Solus S c h a ll d i r e c t  read in g  r u le  (g rad u a ted  in  Angstrom U n its ) , and 
th e  r e s u l t s  compared w ith  d a ta  o b ta in ed  from  l i t e r a t u r e  ( 7 ,8 ) .
The r e s u l t s  o f X -ray  an a ly ses  are  shown in  Tables 39,40  
For com parison p u rp o ses , th e  d a ta  o b ta in ed  f o r  Or^O^ due to  Swanson e t  
a l  (8) and fo r  CrPO^ due to  S u lliv a n  and McMurdie ( 7) a re  in c lu d e d .
S l ig h t  d e p a r tu re s  f rom th e  expected  sp ac ings in  some sam ples cou ld  be 
a t t r i b u t e d  to  th e  p resence  o f im p u r it ie s  in  s o l id  s o lu t io n .
However, in  some c a se s , no p a t te r n  a t  a l l  cou ld  be o b ta in e d . This 
co u ld  be due to  th e  amorphous n a tu re  of th e  m a te r ia l .  A lte rn a t iv e ly , 
as su g g es ted  by Lukaszewski and H edfem  ( 1 ) ,  t h i s  cou ld  be accounted 
f o r  by a random arrangem ent of groups such as P0. o r AsO, which co u ld
a c t  e i th e r  as a  mono- o r b i-d e n b a te  l ig a n d  o r even a s  a b r id g in g  l ig a n d .
That t h i s  e x p la n a tio n  i s  the  more l i k e l y  i s  c l e a r ly  shown by th e  
beh av io u r o f compound G- -  pn^~|PO^«9Ho0. No d e te c ta b le  lo s s  in
w eigh t o ccu rred  over th e  re g io n  910° -  1150°Co Yet th e  X -ra y  p a t t e r n  
o f th e  g rey  m a te r ia l  h e a te d  to  910° gave no l i n e s .  But th e  compound, 
which an a ly sed  1 ; 1 f o r  Cr : P0, , when h ea ted  to  1150° gave an X -ray p a t te r n
4*
comparable to  a -C r P0^. In  o th e r  words a  rearrangem en t ( r e c r y s t a l l i s a t i o n )  
o ccu rred  betw een th e se  tem p era tu res  from, a random to  an o rd ered  arrangem ent. 
I t  w i l l  be seen from Table 38 th a t  no p a t te r n s  were observed  f o r  end 
m a te r ia ls  which an a ly se  1 : 1 f o r  Cr : P0^ whan th e se  had not been h ea ted  
above 900°C.
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T able 10
inorr.■ og r r.v im etric  b tu d ic s  o f Chromium. ( I l l )  ~ trisG th y lcn ed iam in e  c h lo rid e
H eatin g  Programme : 12 -hou r ru n
t  mins W mg , dW/dt i ■ j 1 H
3
 O o
0 102 .50 0 17
5 102.50 0 17
10 103.03 -0 .5 3 23
15 102.82 0 .2 1 30
20 102.24 0 .5 8 36
25 101.30 0 .9 4 43
50 100.12 1 .1 7 50
55 98 .59 1 .5 4 55
40 96 .70 1 .8 9 60
45 94 .42 2 .2 7 65
50 91.95 2 .4 7 70
55 89 .37 2 .5 7 75
60 88 .10 1 .2 7 80
65 .87.80 0 .3 0 85 !
70 87.75 0 .0 5 90
75 87 .70 0 .0 5 95
80 87 .70 0 .0 0 100
85 87.65 0 .0 4 105
90 87 .82 -0 .1 6 120
95 87 .70 0 .1 2 130
100 8 7 .68 0 .0 2 140
105 87.81 -0 .1 3 150
110 87.55 0 .2 6 160
115 87.59 -0 .0 4 170
120 87.43 0 .1 6 180
125 87 .54 0 .0 9 190
130 87.05 0 .2 9 200
155 86.01 1 .0 4 210
140 84 .07 1 .9 4 220
145 81 .38 2 .6 8 23 0
150 78 .25 3 .1 3 240
155 75.21 3 .0 3 250
160 73.55 1 .6 8 260
165 72 .30 1 .2 3 272
170 70 .12 2 .1 7 282
175 69 .65 0 .4 8
. . .  .................. - .  -j .
293
R e s id u e : d a rk  g reen
P in a l l o s s  in  Wt = 8 4 .7  mg 
% lo s s  = 82 .63
C h a r t .speed  : 12" p e r  hour
[t mins , W mg , dW/dt . T °C
1 180 68 .22 1 .4 2 303
! 185 66 .30 1 .92 313
( 190 64 .07 2 .23 323
195 58 .89 5 .1 8 333
200 52.51 6 .3 8 343
205 4 9 .09 3 .42 355
210 4 4 .7 7 4 .3 2 365
215 33 .75 11.02 375
220 26.53 7 .22 387
225 21 .10 5 .43 400
230 1 8 .98 2 .11 410
235 18 .62 0 .3 6 420
i 240 18 .60 0 .02 430
245 18.53 0 .0 7 440
250 18.51 0 .02 450
255 18 .44 0 .0 7 460
260 18 .42 0 .02 4 72
265 18 .39 0 .02 484
270 18 .37 0 .02 497
: 275 1 8 .34 0 .02 510
280 18 .37 -0 .0 3 520
285 18 .30 0 .0 7 530
290 18.33 -0 .0 3 540
295 18.31 0 .01 550
300 18 .30 0 .01 560
305 18 .28 0 .01 570
310 18 .32 -0 .0 3 580
315 18 .29 0 .02 590
320 18 .27 0 .02 600
325 18 .25 . 0 .02 612
330 18 .29 -0 .0 3 622
335 18 .27 0 .01 632
340 18.25 0 .02 645
345 18 .18 0 .07 655
350 18 .16 0 .0 2 667
355 18 .18 -0 .0 2 680
I n i t i a l  Wt = 102.£0 mg
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T a b l e  1 1
The r m o g r a v im e tr ic  S t u d i e s  o f  C h r o m iu m (I I l)  - t r i s e t h y l e n e d i a m i n e  b ro m id e
H eating  Programme : 12-h o u r ru n
t  mins
i
W mg j dW/dt O O
0 100,60 0
5
17 |
5 100.65 -0 .0 5 17 I
10 100.65 0 .0 0 17 1
15 101.57 -0 .9 2 22 |
20 101.40 0 .1 7 28
25 100.80 0 .6 0 34 ?
30 99 .97 0 .8 2 39 !
35 98.82 1 .1 5 45 |
40 97 .25 1 .5 7 50 |
45 95 .17 2 .0 7 55
50 92.85 2 ,3 2 60 !
55 91 .19 1 .6 6 65 !
60 90 .37 0 .81 70 !
65 89 .96 0 .41 75
70 89.75 0 .2 1 80 |
75 89 .73 0 .02 85
80 . 89 .71 0 .02 90
85 89 .64 0 .0 7 95
90 89.57 0 .0 7 ioo ;
95 89 .48 0 .0 8 110
100 89.55 -0 .0 6 125
105 89 .70 -0 .1 5 140 :
110 89 .42 0 .2 8 150 :
115 89 .24 O'. 18 160
120 89 .40 -0 .1 6 165
125 89.41 -0 .0 1 178 :
130 89 .57 -0 .1 5 185
135 8 9 .40 0 .1 7 197 :
140 1 89 .35 0 .0 4 205
145 i 89 .19 0 .1 6 217
150 1 89.03 0 .1 6 230
155 j 88 .69 0 .3 4 240
160 1 8 7 .64 1 .0 4 250 !
165 i 86 .15s 1 .4 9 260
R esidue: d a rk  g reen
P in a l lo s s  in  Wt .= 8 5 .9  mg 
% lo s s  = 85 .39
C h art speed  : 6 ” p e r  hour
t  mins « W mg d.W/dt‘ T °C
170 84 .96 1 .19 270
175 83.62 1 .3 4 280
180 82.79 0 .82 290
185 81 .17 1 .62 300
190 78.83 2 ,33 310
195 75 .80 3 .03 320
200 72.19 3 .61 330
205 70 .18 2 .01 340
210 6 7 .84 2 .33 350
215 56.41 11.43 360
220 30.89 25.51 370
225 17 .58 13.31 380
230 15 .39 2 .19 395
235 15.42 -0 .0 3 405
240 1 5 .4 0 ' 0 .02 415
245 15 .43  . -0 .0 3 425
250 15 .46 -0 .0 3 440
255 15 .44 0 .02 450
260 15.42 0 .02 460
265 15.45 -0 .0 3 470
270 15.49 -0 .0 3 480
275 15.42 0 .0  7 492
280 15.45 -0 .0 3 505
285 15.43 0 .02 515
290 15.41 0 .02 525
295 15 .50 -0 .0 8 535
300 15 .48 0.01 545
305 15.42 0 .06 555
310 15 .44 -0 .0 2 570
315 15.42 0 .02 580
320 15.46 -0 .0 4 590
325 15.49 -0 .0 4 603
330 15 .48 0 .01 615
335 15 .48 0 .01 622
I n i t i a l  Wt = 100.60  mg
-9 9 -
Table 12
Thermogravlmetrie Studies o f OhromiumflllV -trlBethvlenedlamlne iodide
Heating Programme : 12-hour run Chart speed : 12M per hour
t  mins < W mg ■, dW/dt , 0 0 t  mins , W mg dW/dt < i ! ^ i 
0 
1 0
0 81* 50 0 17 155 78.85 0 .55 250
5 81*60 - 0 .1 0 17 160 78.05 0 .7 8 240
10 81*60 0 .0 0 17 165 76.46 1*58 250
15 8 1 .6 0 0 .0 0 17 170 74.85 1.65 260
20 8 2 .2 0 - 0 .6 0 20 175 75 ,50 1.52 270
25 82 .26 -0 .0 6 26 180 71 .28 2 .02 280
50 82 .16 0 .11 55 185 67 .95 5.52 290
55 82 .07 0 .0 8 59 190 58.55 9.42 500
40 82 .06 0 .01 45 195 52*40 26.12 510
45 81*96 0 .1 0 51 200 11 .58 21.02 520
50 81*92 0*04 56 205 9 .95 1 .45 550
55 81.82 0 .1 0 62 210 9 .72 0 .25 541
60 81.75 0 .0 9 68 215 9 .4 5 0 .2 7 552
65 81.69 0 .0 4 74 220 9 .4 8 -0 .0 5 562
70 81.65 0 .0 6 78 225 9 .4 0 0 .0 7 575
75 81 .56 0*0 7 84 250 9 .4 5 -0 .0 5 585
80 81 .55 0 .21 90 255 9 .41 0 .02 595
85 81.05 0 .5 0 95 240 9 .5 9 0 .02 406
90 80.65 0 .4 0 100 245 9 .4 2 -0 .0 5 417
95 80.15 0 .5 2 108 250 9 .4 0 0 .0 2 428
100 79 .58 0 .5 4 125 255 9 .5 8 0 .02 459
105 79 .56 0 .0 2 155 260 9 .41 -0 .0 5 450
110 79 .67 - 0 .1 0 142 265 9 * 44 -0 .0 5 460
115 7 9 ,59 0 .0 7 155 270 9 .4 2 0 .02 472
120 7 9 .65 - 0 .0 5 160 275 9 .5 9 0.02 482
125 7 9 .49 0 .1 6 170 280 9 .4 2 -0 .0 5 495
150 79.65 - 0 .1 4 180 285 9 .45 —0 .0 5 505
155 79 .64 - 0 .0 1 190 290 9.45 0 .02 515
140 79.55 0 .0 9 200 295 9 .4 6 -0 .0 5 525
145 7 9 .56 -0 .0 1 210 2 500 9 .5 9 0 .07 555
150 79 .57 0 .1 9 220
R esidue: dark green
Pinal l o s s  in  Wt = 7 1 .7  mg I n i t i a l  Wt = 81 .5 0  mg
% l o s s  = 8 7 .9 7
-100-
T a b le  1 3  .
T h e r m o g r a v im e tr ic  S t u d i e s  o f  C hromi u m ( I I I )  ~ t r  i  s  e t h y le n e d ia m in e  t h i o c y a n a t e
H e a t in g  Program m e : 1 2 - h o u r  ru n
t  m in s W mg , d W /d t . H-3 0 0
0 114 . 2|0 0 17
5 n ^.^5 -0 .0 5 17
10 134.50 -0 .05 17
15 115.10 -0.(0 26
20 115.10 0.00 34
25 ni^.85 0.25 42
30 134.2i-5 O .4O 50
35 n 3 .9 5 0.50 58
¥> 113.41 0 .4.3 . 66
45 n 2 .5 i 0.90 75
50 ■111.23 1.28 85
55 n o . 51 0.72 97
60 110.36 0.15 108
65 n o . 35 0.01 120
70 n o  .15 0.20 130
75 n o . 15 0,00 12*0
80 n o .  15 ■-Q.00 152
85 109.48 0.68 162
90 104.92 4.56 170
95 99.25 5.67 180
100 95.06 4.19 195 '
105 94.68 O.38 210
n o 94.03 0.65 220
115 93.02 1.01 234
120 91.23 1.78 2 4 1
125 89.62 1.61 255
130 87.14 2.48 274 ;
135 83.12 4.02 280
Ufi 79.49 3.63 293
145 75.80 3.68 305 ;
150 73.66 2.14 318
155 71.89 1.77 330
R e s id u e :  G r e e n
F i n a l  l o s s  i n  Wt ■ 95.6  mg
% lo s s  -  83 .57
C h a r t s p e e d  : 12n p e r  h o u r  •
| t  m in s  , W mg , dW /d t , T °C
1 160 69.97 1.92 342
[ 165 68.31 1.66 363
! 170 66.89 1.41 370
175 64.73 2.16 380
180 62.48 2.24 398
185 59.16 3.32 410
190 52.69 6.47 420
195 44.97 7.72 435
200 38.89 6.08 450
205 36.97 1.92 463
210 36.63 0.37 475
i 215 36.23 . 0.36 485
! 220 36.06 0.17 500
225 35.63 0.43 515
230 34.96 0.67 528
235 33.79 1.17 540
24O 31.88 1.91 553
245 29.39 2.48 570
250 27.02 2.38 582
255 25.95 1.07 598
260 25.43 0.51 612
265 24.56 0.87 630
270 23.79 0.77 645
, 275 22.92 0.87 663
280 22.85 0.06 6?3
285 22.83 0.01 685
290 22.81 0.02 TOO
295 22.84 -O.O3 715
300 22.82 0.02 730
305 22.81 0.01 74O
310
!|
22.79 0.01 754
i
I n i t i a l  Wt »  l lU .U O  m g
/
- 101-  
T a b le  H i1
T h e r m o g r a v im e tr ic  S t u d i e s  o f  C h r o m in m (lI I )  - t r i s e t h y l e n e d ia m in e  s u lp h a t e
H e a t in g  Program m e : 1 2 - h o u r  ru n
t  m in s W mg . dW /dt T °C
0 9 2 .7 0 0 I S
5 9 3 .0 0 -0 .30 I S
10 9 3 .2 0 - 0.20 I S
1 5 9 3 .1 7 0.02 25
20 9 3 - 2 5 - 0.07 3 2
2 5 9 3 .0 4 - 0.21 3 3
30 9 2 .5 0 0 . 5 4 4 4
3 5 9 1 . 7 5 0 . 7 5 50
9 1 .2 5 0 . 5 0 5 6
h-5 9 0 .3 5 0 . 8 9 62
50 8 9 .5 2 0 . 8 3 6S
55 8 8 .7 3 0 . 7 8 7 4
60 88.05 0.68 s o
65 8 7  - 4 7 0 . 5 8 S 6
70 86.98 O .48 9 2
7 5 8 6 .5 0 O .48 9 3
8 0 86.11 0 . 3 8 10 4.
8 5 8 5 .7 3  ' 0 . 3 8 110
90 8 5 . 5 4 0 . 1 9 117
9 5 85.20 0 . 3 4 120
3 0 0 84 . 8O 0.40 1 3 0
105 8 4 .3 0 0 . 5 0 140
n o 8 3 .9 7 0 . 3 3 150
1 1 5 8 3 .4 9 O .48 1 6 0
ISO 8 3 . 3 2 0 . 1 7 170
1 2 5 8 3 . 0 5 0 . 2 7 ISO
1 3 0 82.84 0.21 190
1 3 5 8 2 .6 3 0.21 200
140 8 2 .3 3 0 . 3 0 210
1 « 8 2 .1 3 0.20 220
150 8 1 . 9  8 O .24 23 0
1 5 5 8 1 .6 9 0 . 1 9 24O
1 6 0 8 1 .2 9 0 . 3 9 2 5 0
1 6 5 8 0 .8 0 0 . 4 9 260
170 80.26 0 . 5 4 2 7 0
1 7 5 7 9 .0 7 1 . 1 9 26 0
1 8 0 7 7 . 1 4 1.92 290
C h a r t  s p e e d  : 12” p e r  h o u r
t  m in s W mg , dW /d t T °C
I S  5 7 4 .6 7 2 .4 7 300
190 70.28 4 .3 8 310
1 9 5 68.00 2 .2 8 320
200 6 4 .7 9 3.21 33 0
2 0 5 62.08 2 .7 1 3 4 0
210 6O .I 4 1 . 9 3 35 0
215 5 8 .3 6 1 .7 8 3 6 3
220 5 5 .9 9 2.36 3 7 1
2 2 5 5 2 .8 2 3 . 1 7 382
230 5 1 .7 0 1 . 1 3 3 9 3
23 5 4 9 . 4 2 2 .2 7 4O4
24O 4 6 .9 0 2 .5 2 4 1 5
24-5 4 2 .6 3 4,22 4-26
25 0 3 1 .3 1 10.67 4 3 7
2 5 5 3 0 .4 9 1 . 3 2 4 4 3
260 2 3 .9 7 1 . 5 2 4 5 9
2 6 5 2 7 .3 0 1 . 6 7 470
2 7 0 2 5 .5 9 1 . 7 1 4SO
2 7 5 2 4 .5 7 1.01 4 9 0
230 24.26 0 . 3 1 500
2 3 5 23.64 0,62 510
290 2 2 .7 2 0.92 520
2 9 5 2 1 .6 0 1.11 530
300 20,44 1 . 1 7 5 4 1
3 0 5 1 9 .3 7 1 . 0 6 5 5 2
310 1 3 . 9 6 0 . 4 L 56 3
3 1 5 1 3 , 6 3 0 , 3 3 57 5
320 18.26 0 . 3 7 5 8 7
3 2 5 1 7 .7 0 0 . 5 6 599
3 3 0 1 7 . 1 4 0 . 5 6 610
3 3 5 1 6 ,6 8 0,46 620
34 0 16,46 0,21 630
34-5 1 6 .4 5 0.01 643
3 5 0 1 6 .4 3 0.02 652
3 5 5 I 6 . 4I 0.02 663
360 I 6 . 4O 0.02 6 7 5
3 6 5 16.38 0.02 6 3 3
R e s id u e :  d a r k  g r e e n
F i n a l  l o s s  i n  Wt= 75.3  mg I n i t i a l  Wt a  9 2 .7 0  mg
% l o s s  =  S I , 23
- 1 0 2 -
T a b l e  15
T h er m o g r a y im e tr io  S t u d i e s  o f  C h r o m tu m (lI I )  - t r i s p r o p y l e n e d i a m i n e  b r o m id e  
H eating  Programme : 12 -hou r ru n  C hart speed  : 12" p e r  hour
t  mins , W mg j dW/dt T °C
0 8 0 .60 0 17
5 80 .60 0 17
10 8 0 .60 0 17
15 81 .16 -0 .5 6 26
20 8 0 .58 0 .5 8 34-
25 79 .96 0 .6 2 4-2
30 79 .52 0 .4 4 50
35 79 .10 0.4-2 60
4-0 78 .8 0 0 .29 73
4-5 78 .66 0 .1 4 76
50 78 .55 0 .11 85
55 78 .38 0 .1 7 92
60 78 .32 0 .06 98
65 78 .3 0 0 .02 100
70 78 .25 0 .0 5 106
75 78 .59 -0 .3 5 112
80 78 .29 0 .3 0 . 118
85 7 8 .3 0 ^ -0 .0 1 123
90 7 8 .38 -0 .0 8 14-0
95 78 .31 0 .0 6 150
100 7 7 .98 0 .33 155 .
105 78 .29 0 .3 0 162
110 7 8 .3 8 -0 .0 9 172
115 7 8 .9 8 0.4-0 180
120 78 .19 -0 .2 1 190
125 78 .25 -0 .0 6 200
130 77 .99 0 .2 6 203
135 78 .00 -0 .0 1 212
14-0 77 .92 0 .0 8 221
14-5 78 .07 -0 .1 5 235
150 77 .95 0 .1 2 24-0
155 78 .81 0 .1 4 252
160 7 7 .3 8 0.4-3 260
165 73 .75 3 .6 2 270
170 7 3 .38 0 .3 7 280
175 73 .33 0 .0 4 298
180 72 .25 1 .0 8 310
185 7 1 .38 0 .8 7 318
190 69 • 86 1 .5 3 328
195 66 .73 3 .13 338
t  mins , W mg , dW/dt 1-3 o
 
; 
O
200 63 .50 3.23 350
205 59.83 3 .67 360
210 57*86 1 .97 370
215 4 2 .4 9 15.37 380
220 20.21 22 .28 393
225 11.99 08 .22 405
230 11.92 0 .0 7 420
235 11 .90 0 .02 450
240 11.88 0 .02 440
245 11.91 -0 .0 3 450
250 11 .94 -0 .0 3 460
255 11.86 0 .08 475
260 11.83 0 .03 490
265 11.91 -0 .0 8 502
270 11.93 -0 .0 2 515
275 11.85 0 .08 528
280 11 .79 0 .07 537
285 11 .86 -0 .0 8 550
290 11 .84 0 .02 565
295 11.82 0 .02 580
300 11.83 -0 .0 1 595
305 11 .80 0 .02 608
310 11 .84 -0 .0 3 620
315 11 .82 0 .02 633
320 11.79 0 .02 648
325 11.82 -0 .0 3 660
330 11.79 0 .03 673
335 11 .76 0 .03 '693
340 11 .74 0 .02 7 08
345 11.72 0 .02 720
350 11.75 -0 .0 3 732
355 11.73 0 .02 747
360 11.71 0 .02 760
365 11 .74 -0 .0 3 773
370 11.72 0 .02 789
375 11.75 -0 .0 3 800
380 11.73 0 .03 * 812
385 11.71 0 .0 2 825
390 11.74 -0 .0 3 840
:
R esidue: Green R in a l lo s s  in  Wt = 69 .1  mg % lo s s  = 85*73
I n i t i a l  Wt a  BO .6 0  mg
I![I
Table 16
amine iodide 
C h art speed : 12" p e r  hourH ea ting  Programme : 12 -hou r ru n
t  mins W mg dW/dt 1-3 O O t  mins , W mg , dW/dt T °C
0 107 .10 0 17 165 76.15 5 .09 260
5 107 .10 0 17 170 67 .06 9 .09 270
10 107.87 -0 .7 7 175 4 9 .5 2 17.54 280
15 107.72 0 .15 29 180 23.09 26.42 290
20 106* 90 0 .82 36 185 20.12 2 .97 300
25 106*20 0*7 0 43 190 16.73 3 .3 8 310
50 105.65 0*55 50 195 16.35 0 .38 322
35 105.37 0 .2 7 55 200 16 .28 0 .0 6 335
40 105.15 0 .22 60 205 16.07 0 .21 342
45 104*94 0 .21 65 210 • 15*82 0 .2 4 355
50 104.82 0 .11 70 215 15 .50 0 .32 365
55 104*66 0 .16 75 220 • 15 .14 0 .37 377
60 104.55 0 .11 80 225 15.01 0 .12 387
65 1 0 4 .4 a 0 .0 7 ' 85 230 14 .88 0 ,13 398
70 104.41 0 .0 7 90 235 14.86 0.02 410
75 104*34 0 .0 7 95 240 14.89 -0 .0 3 420
80 104.33 0 .01 100 245 14.92 -0 .0 3 430
85 104 .30 0*03 105 250 14.91 0 .02 442
90 104.37 -0 .0 6 115 255 14.89 0 .02 452
95 104.35 0 .0 2 120 260 14.92 -0 .0 3 462
100 104.45 -0 .1 0 130 265 14 ,90 0 .02 473
105 1 04 .20 0 .2 5 140 270 14.93 -0 .0 3 485
110 104.32 -0 .1 2 150 275 14.91 0 .02 498
115 104 .24 0 .0 8 160 280 14.89 0 .02 510
120 104.22 0 .0 2 170 285 14.87 0 .02 520
125 104 .00 0 .22 180 290 14 .90 -0 .0 3 530
130 104.19 -0 .1 9 190 295 14.89 0 .01 540
135 104.13 0 .0 6 200 300 14.93 -0 .0 4 550
140 103 .63 0 .5 0 210 305 14.92 0.01 560
145 100*23 3 .4 0 220 310 14.89 0 .02 570
150 9 4 .2 8 5 .9 4 230 315 14,92 -0 .0 2 580
155 86 .84 7 .4 4 240 320 14.91 0 .01 590
160 81 .24 5 .5 9 250 325 14 .90 0 .01 600
R e s id u e : d a rk  g reen  w ith  p in k is h  t in g e  
P in a l lo s s  in  Wt = 93*5 nig 
I n i t i a l  Wt = 107 .10  mg 
% lo s s  = 87 .11
- 1 0 4
T a b l e -  :
Therm o g r a v im e t r i e  S t u d i e s  o f  Chrom ium (:
H eating  Programme : 12 -h o u r ru n
; mins
i
{ W mg dW/dt , T °C
0
j...
6 8 .00 0 17
5 6 8 .0 0 0 17
10 68 .05 -0 .0 5 17
15 69 .21 -1 .1 6 33
20 6 8 .1 7 1 .03 39
25 66»26 1 .91 4-5
30 6 6 .76 -0 .4 9 51
33 66 • 55 0 .2 0 57
40 66 .55 0 .2 0 63
45 6 6 .2 6 0 .0 9 69
50 6 6 .17 0 .09 75
33 66 • 09 0 .0 8 81
60 66 .03 0 .0 6 87
65 6 5 .9 6 0 .07 94
70 6 6 .0 0 -0 .0 4 100
75 6 5 .9 4 0 .0 6 107
80 65 .92 0 .01 114
85 6 5 .8 7 0 .05 120
90 6 6 .0 0 —0.1 3 130
95 65 .8 8 0 .1 2 140
100 6 5 .7 8 0 .09 147
105 6 5 .9 9 -0 .1 0 154
110 66 .0 4 -0 .0 5 161
115 6 5 .85 0 .2 0 169
120 6 5 .8 0 0 .0 4 176
125 65 .62 0 .1 8 182
130 6 4 .6 8 O.94 192
135 62 .65 2 .0 3 201
140 5 9 .2 2 3 .4 2 208
145 58 .89 0 .33 215
150 5 8 .12 0 .7 7 220
155 5 7 .49 0 .6 3 • 228
160 57 .16 0 .33 238
165 56 .63 0 .5 2 245
170 56 .25 0 .3 8 255
175 55 .52 0 .73 265
180 54 .83 0 .6 9 273
185 5 4 .3 8 0 .4 5 281
190 54 .15 0 .23 292
195 5 2 .3 8 1 .7 7 300
200 5 0 .9 0 1 .4 7 310
R esid u e : G reen F in a l  lo s s  i:
I n i t i a l  Wt 2 6 8
j - t r i  sp r o p y le  no diam ine t h i 0 cyanuto
C hart speed : 12" p e r  hour
t  mins , W mg , dW/dt'
00
205 4 9 .5 8 1 .32 320
210 4 7 .6 0 1 .9 8 330
215 4 5 .4 7 2 .13 340
220 • 4 3 .7 0 1 .7 7 350
225 4 2 .9 8 0 .72 360
230 42 .01 0 .97 370
235 4 1 .2 9 0 .72 380
240 4 0 .1 7 1 .12 390
245 39 .05 1 .12 400
250 37 .48 1 .56 410
255 35.17 2 .31 420
260 30.65 4 .5 2 430
265 27.13 3 .52 440
270 24.61 2 .52 451
275 23 .14 1 .47 462
280 22 .76 0 .37 474
285 22 .49 0 .27 486
290 22 .26 0 .22 498
295 22 .05 0 .21 510
300 21 .67 0 .3 8 520
305 21 .25 0 .42 530
310 20.73 0 .5 2  ' 542
315 19.91 0 .82 555
320 18.79 1 .12 568
325 17.11 1 .67 582
330 15.73 1 .38 596
335 15 .35 0 .3 7 610
340 14.99 0 .3 7 622
345 14.62 0 .3 7 635
350 14 .24 0 .3 7 648
355 13 .87 0 .3 7 660
360 13 .84 0 .03 675
365 13.82 0 .0 2 688
370 13.85 -0 .0 3 700
375 13.83 0 .02 713
380 13.86 -0 .0 3 727
385 13 .84 0 .02 740
390 13.82 0 .0 2 753
395 13.79 0 ,0 2 767
400 13 .78 0 .0 2 780
a Wt = 55*8 £ig % lo s s  = 84 .41  
.00 mg
- 1 0 5 -
T a b l e  1 8
Thoriangravimotr-ic S tud ie  s-; o l Chromium ( i l l )  —Irisp ropy lonod lam ino  su lp h a te  
H eatin g  Programme : 12-h o u r ru n  C hart speed  : 12" p e r  hour
1 t  mms . W mg dW/dt T °C
0 84 .50 0 17
5 84.70 -0 .2 0 17
10 84.85 -0 .1 5 17 i
15 8 5 .4 4 -0 .5 9 25
20 85.46 -0 .0 2 33
25 85 .18 0 .2 7 41
30 84 .74 0 .4 4 49
35 84 .10 0 .6 3 54
40 83 .37 0 .7 4 59
. 4-5 82 .74 0 .6 3 64
50 81.65 1 .0 9 70
55 80 .82 0 .8 2 75
60 80 .10 0 .7 2 80
65 79 .70 0 .4 0 85
70 79 .10 0 .6 0 90
75 78 .60 0 .5 0 95
80 78 .15 0 .4 5 100
85 77 .75 0 .3 9 105
90 7 7 .3 8 0 .5 7 126
95 76.05 0 .33 130
100 75.13 0 .9 2 140
105 74 .56 0 .5 6 150
110 73.95 0 .6 1 160
115 7 3 .14 0 .8 1 170
120 72.33 0 .8 1 180
125 71.49 0 .8 4 190
130 70 .70 0 .7 9 200
135 69 .96 0 .7 4 210
140 6 8 .77 1 .1 9 220
145 67 .73 1 .0 3 230
150 66 .15 1 .5 8 240
155 64 .96 1 .1 8 250
160 64 .23 0 .7 3 260
165 63 .65 0 .5 7 270
170 6 2 .78 0 .8  7 280
175 6 1 .8 0 0 .9 7 290
180 6 0 .2 8 1 .5 2 . 300
185 58 .70 1 .5 7 310
t  mins , W mg . dW/dt , T °C
190 5 6 .88 1 .82 3 20
195 5 5 .24 1 .63 331
. 200 53 .97 1 .28 341
205 52 .80 1 .17 352
210 51 .43 1 .37 361
215 50 .06 .1 .3 7 372220 4 8 .5 4 1 .52 382
225 47 .01 1 .52 394
230 4 1 .1 9 5 .82 405
235 33 .78 7 .42 416
240 28 .96 4 .8 2 427
245 25.23 3 .72 438
250 23 .01 2 .22 449
255 2 2 .54 0 .47 459
260 22 .42 0 .12 469 :
265 22 .25 0 .17 479
270 2 2 .08 0 .1 7 490
275 21.91 0 .1 7 500
280 21 .44 0 .4 7 512
285 20 .77 0 .6 7 521
290 19.85 0 .92 532
295 18 .62 1 .22 544
300 17.91 0 .71 554 ■
305 17 .59 0 .32 565
310 17 .27 0 .3 2 577
315 16 .90 0 .3 7 588
320 16 .42 0 .4 7 59 8
325 15 .86 0 .5 7 609
330 15 .14 0 .71 619
335 14 .42 0 .72 630
340 13.81 0 .61 640
345 13 .74 0 .0 7 650
350 13 .67 0 .07 660
355 13 .70 -0 .0 3 671
360 13 .67 0 .0 2 685
365 13.65 0 .02 698
: 370 13.63 0 .0 2 710
375 13.62 0 .01 720
R esidue : d a rk  g reen  F in a l  lo s s  in  Wt = 71*3 mg % lo s s  = 84 .58
I n i t i a l  Wt s  8U.30 mg
- 1 0 6 -  
T a b le  1 9
T h erm o g ra v im et r i c  S t u d i e s  o f  c o mpound G,  [ b r  e n 3]  2 (HPO4J 3
H e a t in g  Program m e s 4 -h o u r  r u n
t  m in s  i. W mg , dW /dt T °C
0 1 0 0 ,7 0 1 7
5 1 0 0 .2 9 0 . 4 1 2 3 . 6
1 0 1 0 0 .4 7 - 0 . 1 8 3 0 . 2
15 1 0 0 .4 6 0 . 0 1 3 6 . 8
2 0 1 0 0 .2 0 0 . 2 6 4 3 . 4
25 100.05 0 .1 5 5 0
3 0 9 9 .9 5 0 .1 0 60
35 1 0 0 .1 8 - 0 . 2 3 7 7
40 9 8 . 6 0 1 . 5 8 1 1 0
45 9 2 .0 5 6 .5 5 1 4 0
5 0 8 6 .2 2 5 . 8 3 1 7 8
55 8 4 .6  3 1 * 5 9 2 1 0
6 0 8 2 .9 3 1 ,7 0 2 3 9
65 7 5 . 3 0 7 . 6 3 2 7 2
7 0 6 9 . 2 8 6 . 0 2 3 0 0
75 6 7 .0 5 2 . 2 3 3 3 3
8 0 6 4 . 6 4 2 . 4 1 3 6 0
85 6 1 . 7 2 2 . 9 1 3 9 8
9 0 5 8 .7 6 2.96 4 2 8
95 5 4 .9 5 3 . 8 1 4 6 0
1 0 0 5 1 .8 3 3 .1 2 495
1 0  5 48.96 2 c 8 7 5 3 0
1 1 0 4 5 .7 7 3 . 1 9 5 6 0
115 4 3 .3 0 2 , 4 7 5 9 0
1 2 0 4 2 .3 5 0 .9 5
-  -  - .......... -
6 2 3
R e s id u e s  B la c k  w it h  g r e e n  s p e c k s  
F i n a l  l o s s  i n  Wt 6 7 * 1  mg
C h a r t s p e e d  s 1 2 11 p e r  h o u r
t  m in s W mg v dW /dt T °G
125 4 2 .1 8 0 . 1 7 6 5 8
1 3 0 4 2 .0 8 0 ,1 0 6 9 2
135 4 2 .0 3 0 .0 5 7 2 8
1 4 0 4 2 .0 3 0 .0 0 7 5 8
145 4 2 ,0 8 - 0 . 0 5 7 9 0
1 5 0 4 2 .1 9 - 0 . 1 1 8 2 2
155 4 2 . 3 4 - 0 . 1 5 855
1 6 0 4 2 .3 3 0 . 0 1 8 9 0
165 4 1 * 9 4 0 . 3 9 9 2 5
1 7 0 4 1 .5 8 0 .3 6 9 5 7
175 4 0 ,9 9 0 , 5 9 9 9 0
1 8 0 4 0 .6 6 0 . 3 3 1 0 2 0
185 4 0 .4 1 0 .2 5 1 0 5 2
190 3 9 .9 7 0 . 4 4 1 0 8 0
195 3 9 .6 7 0.30 1 1 1 2
2 0 0 3 9 .6 3 0 . 0 4 1 1 4 5
2 0 5 3 9 .5 8 0.05 1 1 7 5
2 1 0 3 9 .5 9 —0 , 0 1 1 2 0 5
2 1 5 3 9 . 5 4 0.05 2235
2 2 0 3 9 .3 9 0,15 126 5
225 3 9 .3 0 0.09 1292
2 3 0 3 9 .0 6 0,24 1 3 2 0
235 3 8 .7 7 0.29 1 3 4 8
2 4 0 3 8 .2 2 0 .5 5 1 3 7 8
245 3 7 .5 9 0 , 6 3 1 4 0 0
. ..J
I n i t i a l  Wt s  1 0 0 .7 0  mg
% l o s s  e» 66.63
- 1 0 7 -
T a b l e  2 0
T herm ograv im etrie  S tu d ie s  o f compound D fOr en^] P O ^ ^ ^ O
He a t  ini? Programme : 12-h o u r ru n C hart speed : 12" p e r  hour
i
j t :mine r I  mg dW/dt •o
o—"ri’ni ini<i.—ii t  mins W mg , dW/dt , T °C |I
t 0 85*90 0 17 220 35 .73 0 .5 2 470 1
5 86 ,05 -0 ,1 5 20 225 35.41 0 .32 480 1 
490 IiO 8 6 ,0 4 0 .01 34 230 35*19 0 .2 2
15 85*92 0 .1 2 '4 2 235 35.02 0 .1 7 500 ]
20 85*55 0 .3 7 50 240 35*00 0 .0 2 512
1 25 85*08 0 .4 7 i- 55 245 34.92 0 .0 8 525
1 50 8 4 ,1 8 0 .9 0 62 250 34 .90 0 .02 540 1
55 8 2 ,9 0 1 .2 8 70 255 34.89 0 .01 550 I
40 80.83 2 .0 7 1 77 260 34.87 0 .02 560
45 78 .45 2 ,4 0 88 265 34 .85 0 .0 2 570
50 75*52 2 ,9 1 100 270 34.82 0 .0  3 580
55 74 .05 1 ,4 7 110 275 34.85 0 .03 592
60 73*85 0 .2 2 120 280 34 .78 0 .0 7 605
65 73*77 0 .0 6 130 285 34.81 -0 .0 3 620
70 73*80 -0 .0 3 140 290 34 .79 0 .0 2 630
75 73*69 0 .1 1 150 295 34 .77 0 .02 640
80 73*65 0 .0 6 160 300 34 .79 -0 .0 2 655
I 85 73*49 0 .1 4 i 170 305 34.77 0 .0 2 670
90 73*25 0 .2 4 180 310 34 .75 0 .0 2 680
95 73*06 ^ 0 .1 9 190 315 34 .74 0 .01 690
I 100 72,91' 0 .1 5 203 320 34.71 0 .05 705
S 105 72*38 0 .5 3 212 325 34 .69 0 .0 2 720
110 71*74 0 .6 4 222 330 34 .68 0 .01 730
115 70 .86 0 .8 8 252 335 34 .66 0 .0 2 740
120 6 5 .01 5*85 250 340 34 .64 0 .0 2 755
125 61 .93 5 .0 8 260 345 34 .62 0 .02 765
150 6 0 .0 6 1 .8  7 267 350 34.61 0 .0 1 775
135 59 .03 1 ,05 280 355 34 .59 0 .0 2 790
140 57 .96 1 .0 7 290 360 34 .52 0 .0 7 800
145 56 .85 1 .1 3 500 365 34 .56 -0 .0 4 810
150 55*55 1 .2 8 310 370 34 .48 0 .0 8 825 !
155 5 4 .57 1 .1 8 320 375 34 .47 0 .01 835 j
160 5 2 ,94 1 .4 5 335 380 34 .45 0 .0 2 845
165 51*48 1 .4 6 342 385 34 .44 0 .01 851
170 4 9 .6 5 1 ,8 5 354 390 34 .37 0 .0 7 870
175 4 8 ,2 2 1 .4 5 370 395 34 .35 0 .0 2 880
180 4 6 .9 0 1 .32 380 400 34 .54 0 .01 890
185 4 5 .6 9 1 .2 1 390 405 34.32 0 .0 2 905
190 4 5 .9 7 1 .7 2 400 410 34 .29 0 .0 5 920
195 4 1 .9 5 2 .0 2 410 415 34.29 0 .0 0 ',930
200 39.65 2 .5 2 420 420 34 .26 0 .03 940
205 5 8 .5 0 1 .9 2 435 425 34 .25 0 .01 950
210 37 .07 1 .2 5 450 ! 430 34,23 0 .0 2  , 960
215 !J 6 i 2 5  ' 0 .8 2 460 1 . 435 34 .22 0 .01  ! 970
R e s id u e : P in a l  lo s s  in  Wt '« Grey I n i t i a l  Wt = 85*90
5 2 .7  mg ~ ~ __ mg * % loss = 61. 35
- 1 0 8 -
T a b le  2 1
Therm ogravim etric S tu d ie s  o t  compound 
H eating  Programme : 12-hour run
[Or en3j  As04 . 3H20 
C hart speed s 12,f p e r hour
t  mins , W mg j dW/dt j T °C
0 145.70 0 17
5 146.40 -0 .70 20
10 146.45 -0 .05 34
15 146.30 0.15 40
20 145.95 0.35 50
25 144.50 1.45 60
30 142.50 2.00 67
35 139.55 2.95 75
40 135.65 3.90 80
45 132.15 3.50 87
50 129.50 2.65 92
55 129.65 -0 .15 100
60 129.50 0.15 110
65 129.45 0.05 120
70 129.00 0.45 130
75 128.70 0.30 140
80 129.00 -0 .3 0 150
85 128.85 0.15 155
90 128.52 0.33 160
95 128.50 0.02 170
100 128.40 0.10 180
10 5 128.15 0.25 190
110 128.18 -0 .03 200
115 127.88 0.30 210
120 127.78 0.10 220
125 127.32 0.46 230
130 126.18 1.14 240
135 117.25 8.93 250
140 106.50 10.75 260
145 102.45 4.05 273
150 100.25 2.20 285
155 98.12 2.13 298
160 95 .65 2.47 310
165 93.05 2.60 320
170 90.07 2.98 332
175 86.85 3.22 342
180 83.67 3.18 360
185 74.90 8.77 368
190 72.47 2.43 | 380
t  mins . W mg , dW/dt < T °C
195 70.64 1.83 395
200 69.32 1.32 410
205 68.80 0.52 420
210 68.53 0.27 433
215 68.35 0.18 442
220 68.17 0.18 460
225 68.15 0.02 470
230 68.18 -0 .0 3 480
235 68.17 0.01 498
240 68.25 -0 .08 510
245 68.32 -0 .07 520
250 68.45 -0 .13 530
255 68.48 -0 .03 540
260 68.52 —0.0 4 557
265 68.44 0.08 575
270 68.52 -0 .0 8 590
275 68.55 -0 .03 600
I 280 68.54 0.01 615
1 285 68.57 -0 .03' 630
S 290 68.50 0.07 640
! 295 68.47 0.03 660
I 300 68.40 0.07 675
1 305 68.33 0.07 690
f 310 68.26 0.07 705
1 315 68.24 0.02 718
1 320 68.17 0.07 730
! 325 68.20 - 0.03 745
1 330 68.13 0.07 760.
i 335 68.06 0.07 770'
i 340 68.04 0.02 785
1 345 67.97 0.07 800
j 350 67.87 0.10 812
i 355 67.78 0.09 825
! 360 67.61 0.17 840
\ 365 67.20 0.41 850
j 370 66.13 1.07 868
I 375 65 .61 0.52 880
1 380 65.55 0.06 893
! 385 65.53 0.02 907
C o n td . . . ,
- 1 0 9 -
T a b l e  2 1  (C o n td )
! t  mins J W mg dW/dt . I °C J
390 65.54 -0 .0 1 920 1
395 65.34 0.20 933 !
! 400 6.5.17 0.17 947 j
405.. 64.80 0.37 960
410 64.19 0.61 972 !
415 62.77 1.42 988 1
420 61.26 1.51 1000 !
425 58.60 2.66 1010 !
430 54.68 3.92 1022 |
435 48.12 6.56 1035 i
440 39.91 8.21 1049 i
445 32.25 7.66 1060 !
450 31.23 1.02 1070 !
455 30.42 0*81 1085 ;
460 29.50 0.92 1095
465 29.23 0.27 1108
470 29.06 0.17 1119
475 29.00 0.06 1130
480 28.89 0.11 1140
485 28.83 0.06 1150
490 28.77 0.06 1160
495 28.70 0.07 1170
500 28.64 0.06 1180
505 28.58 0.06 1190
510 28.56
!
0.02 1200
Besidue: dark green
t  mins .: W rag dW/dt ■ T °G
515 28.50 0.06 1210
520 28.49 0 .01 1220
525 28.48 0.01 1230
530 28.42 0.06 1240
535 28.36 0.06 1250
540 28.35 0.01 1258
545 28.29 0.06 1268
550 28.28 0.01 1272
555 28.27 0.01 1281
560 28.21 0.06 1290
565 28.20 0.01 1300
570 28.14 0.06 1310
575 28.13 0.01 1310
580 28.03 0.10 1325
585 27.92 0.11 1330
590 27.91 0.01 1340
! -595 27.85 0.06 1345
1 600 27.74 O .U 1355
! 6 05 27.67 0.07 1360
! 610 27.61 0.06 1370
S 615 27.55 0.06 1380
S 620 27.45 0.10 1390
1 625 27.39 0.06 1400
1 630 27.29 0.10 1400
1 635 27.24 0.05 1400
1
F in a l lo s s  in  Wt = 120.1 mg 
% lo ss  « 82.43
I n i t ia l  Wt = 145.70 mg
-110-
Table 22
Therm ogravim etric Stu d ie  s o f compound F 
H eating  r a t e  : 12-hour ru n
[Cr pn3l  HPOk.HgPO^HgO
C hart speed : 12” p e r hour
t  mins . W mg , dW/dt T °C
0 51**30 0 17
5 & .3 0 ■ 0 17
10 $b.l3 -0.1*3 23
15 51*.57 0.16 30
20 31* .Oil. 0 .53 36
25 53.10 0.9l* 1*3
30 52.17 0.93 50
35 51.39 0 .7 8 55
ho 50.80 0.1*9 60
U5 50.32 0.1*8 65
50 1*9.85 0.1*7 70
55 1*9.57 0 .28 75
60 1*9.20 O.37 80
65 1*9.05 0.15 85
70 1*8.90 _ 0.15 90
75 1*8.65 0.25 95
80 1*8.50 0.15 100
85 l*8.l*5 0.05 105
90 1*8 .1*8 - -O.O3 125
95 1*8.25 0.23 130
100 1*7.28 0.97 1I1.0
105 1*6.21 1.07 150
110 1*1*. 85 1.36 160
115 1*3.59 1.26 170
120 1*2.32 1.27 182
125 1*1.27 1 .0 5 195
130 1*0.32 ' 0 .9 5 206
135 39.58 0.71* 218
lfi.0 38.85 0 .73 225
1U5 38.12 0 .73 235
150 37.59 0.53 2l;5
155 36.91* 0 .6 5 258
160 36.52 0.1*2 26U
165 35 .89 0.63 276
170 35.1*7 0.1*2 285
175 35.03 0.1*1* 300
t  mins W mg , dW/dt . T °C
180 3U.50 0.53 310
185 3U.08 0.1*2 320
190 33.55 0.53 330
195 33.02 0.53 3i*0
200 32.60 0.1*2 350
205 32.18 0.1*2 36O
210 31.66 0.52 370
215 31.21* 0.1*2 3 80
220 30.82 0.1*2 390
225 30 .1*0 0.1*2 1*00
230 29.99 0.1*1 1*10
235 29.1*7 0.52 1*20
21*0 28.85 0.62 1*30
2l*5 28.23 0.62 1*1*0
250 27.50 0 .73 1*55
255 26.68 0.82 1*65
260 25.66 1.02 1*77
265 21* .1*3 1 .23 1*90
270 23.01 1.1*2 500
275 22.19 0.82 510
280 21.1*7 0.72 520
285 21.15 0.32 530
290 20.93 0.22 51*0
295 20.81 0.12 552
3OO 20.70 0 .11 563
305 20.63 0.07 575
310 20.60 0.03 587
315 20.52 0.08 600
320 20.50 0.02 610
325 20.1*9 •0.01 620
33O 20.52 -O.O3 630
335 20.1*6 0.06 61*0
3U0 20.1*1* 0.02 650
3l*5 20.1*2 0.02 660
350 20.1*0 0.02  
--------- »
670
-------  --
Residue : d a rk  brown F in a l  lo s s  in  Wt a 33*80 mg % lo s s  a 62 .25
I n i t i a l  Wt a 5^*30 mg
- I l l -
T able
^ .e rm o g ra v im e tr ic  S tu d ie s  of compound G [Cr P O ^ .^ O
H eatin g  Programme : 12 -hou r ru n  C h art speed  : 12M p e r  hour
t  mins W mg , dW/dt 0
0EH
i
jt mins
i
W mg dW/dt - T °C
0 105.80 0 17 1 165 • 55 .30 0 .6 8 330
5 105.85 0 17 | 170 54 .27 1 .03 340
10 106.40 - 0 .5 5 20 175 53 .30 0 .97 348
15 106.44 -0 .0 4 27 180 52 .32 0 .98 337
20 106.19 0 .2 5 34 185 51.13 1 .19 362
25 105.08 1 .11 41 190 4 9 .81 1 .32 372
•30 103.46 1 .6 2 48 195 4 8 .6 9 1 .12 380
35 101.14 2 .3 2 55 200 4 7 .5 7 1 .12 392
40 •98 .20 2 .9 4 60 205 4 6 .0 0 1 .57 402
45 94 .45 3 .7 5 67 210 4 4 .13 1 .87 412
50 90 .68 3 .7 7 75 215 4 0 .8 7 3 .26 420
55 87 .53 ■3.15 87 220 36 .70 4 .0 7 430
60 85 .56 3*97 99 225 33.53 3 .17 440
65 78 .40 5 .1 6 111 230 32.36 1 .17 450
70 75 .22 3 .1 8 120 235 32 .19 0 .1 7 460
75 71 .69 3 .53 132 240 32.17 0 .02 470
80 68 .91 2 .7 8 143 245 32 .10 0 .07 480
85 6 6 .7 8 2 .1 3 155 250 32 .08 0 .0 2 490
90 65 .52 1 .2 6 165 255 32 .06 0 .02 500
95 6 4 .7 8 0 .7 4 180 260 32 .04 0 .02 510
100 64 .25 0 .5 3 187 265 31 .97 0 .07 518
105 63 .65 0 .6 0 199 270 31 .96 0 .01 524
110 62 .91 0 .7 4 210 275 31.95 0 .01 530
115 61 .92 0 .9 9 220 280 31.93 0 .02 540
120 61 .23 0 .6 9 231 285 31 .92 0 .01 550
125 6 0 .4 4 0 .7 9 242 290 31 .90 0 .02 558
130 59 .89 0 .5 5 258 295 31 .89 0.01 564
135 59 .32 0 .5 7 265 300 31 .88 0 .01 572
140 58.63 0 .6 9 280 ! 305 31.86 0 .02 583
145 57 .81 0 .8 2 287 ! 510 31.79 0 .07 592
150 5 7 .38 0 .4 3 300 1315 31 .77 0 .02 601
155 56 .66 0 .7 2 310 ! 320 31.81 -0 .0 4 610
160 5 5 .98 0 .6 8 320 1 325i 31 .79 0 .0 2 620
—1.......M , . . 1 _ _ _ _ _ _ _ _ _ _ _ _ _ 1 .....  ■
R esid u e : y e l lo w is h  g reen
P in a l lo s s  in  Wt = 7 6 .7  mg I n i t i a l  Wt = 105 .80  mg
% lo s s  = 72 .49
-1 1 2 -
Table 24
H ea tin g  Programme : 12 -hour ru n C hart
t
- 2'- £ 
speed : 12” p e r hour
t  mins 1 I  mg J dW /at | T °C J Jt mins . W mg I dW/dt 0
0&
0 141 .60 0 1 17 205 57 .35 1 0 .9 8 480 1
5 141.74 -0 .1 4 25 210 56.93 0 .42 490
10 141.50 0 .2 4  | 40 215 56.71 0 .2 2 502
15 136 .74 4 .7 6 58 220 56 .52 0 .1 9 518 |
20 1 132.13 4 ,6 1 75 225 56 .30 0 .22 530 1
25 130.75 1 .3 8 95 230 56.23 0 .0 7 543 j50 129*16 1 .5 9 105 235 56.06 0 .1 7 557 i
35 127*67 1 .4 9 115 240 55 .99 0 .07 570
40 126.06 1 .6 1 122 245 55 .87 |. 0 .12 582
45 123.89 2 .1 7 132 250 55.83 0 .04 598
50 121.07 2 .8 2 141 255 55 .76 0 .07 610
55 118.42 2 ,6 5 150 j 260 55.64 0 .12 622
60 116 .60 1 .8 2 160 S 265 55 .36 ! 0 .2 8 630
65 114 ,94 1 .6 6  ! 170 : 270 55.03 I 0 .33 655
70 113 .48 1 ,4 6 180 275 54 .75 i 0 .2 8 670
75 112.19 1 .2 9 190 ■ 280 54 .67 i 0 .0 8 688
80 111.00 1 .1 9 200 , 285 5 4 .6  5 0 .02 700
85 109.96 1 .0 4 210 290 54 .63 ! 0 .02 715
90 108,72 1 ,2 4 220 I 295 54 .66 -0 .0 3 729
95 107 .10 1 .6 2 226 300 54 .69 -0 .0 3 740
100 105.66 1 ,4 4 237 305 54.72 -0 ,0 3 753 i
105 104 .28 1 .3 8 245 I 310 54 ,70 ' 0 .02 766 .
110 102.73 1 .5 5 260 315 54 .73 ! -0 .0 3 780
115 101.31 1 ,4 2 270 320 1 54 .71 0 .02 792
120 99 .53 1 .7 8 280 ! 325 ! 54 .64 0 .07 808
125 97 .91 1 .6 2 290 f  330 1 54 .42 0 .2 2 820
130 9 6 .08 1 .8 3 300 ! 335 : 53 .15 1 .2 7 834
135 ! 94 .21 1 .8 7 310 340 51.93 1 .22 845
140 9 1 .7 2 2 .4 9 322 345 : 51 .61 0 .32 858
145 i 87 .79 3 .9 3 334 350 51 .54 0 .05 871
150 8 4 .5 6 3 .2 3 345 355 51 .22 0 .32 ; 885
155 8 2 .1 8 2 .3 8 358 360 50.85 0 .3 7 898
160 80 .66 1 .5 2 372 365 50 .69 0 .1 6 910
165 7 9 .0 4 1 .6 2 382 370 50 .56 0 .13 : 925170 77 .36 1 .6 8 395 375 50,39 0 .1 7 938
175 75-39 1 .9 7 405 380 50.33 0 .0 6 950
180 7 2 .1 ? 3*22 420 385 50 .16 0 .1 7 963
185 65 .55 6 .6 2 430 390 4 9 .7 9 0 .3 7 975
190 6 2 .5 8 2 .9 7 440 395 4 9 ,32 0 .4 7 1 990
195 6 0 .1 0 2 .4 8 455 400 4 8 .1 6 1 .16 i 1002
200 58.33 1 .7 7 465 405 4 6 .5 4 1 .62 | 1015
f 1
Contd
- 1 1 3 -
T a b l e  2 4  ( C o n t d )
j t  mins W mg ; dW/dt T °C
410 4 4 .0 8 2 .4 6 1025
415 39 .81 3 .2 7 1038
420 33.55 6 .2 6 1050
425 27 .08 6 .4 7 1060
430 25 .51 1 .57 1075
435 24 .49 1 .0 2 1086
440 23 .47 1 .0 2 1100
445 22 .75 0 .7 2 1110
450 22 .29 0 .4 6 1120
455 2 1 .88 0 .4 1 1130
460 21 .56 0 .3 2 1140
465 2 1 .20 0 .3 6 1150
470 20 .83 0 .3 7 1160
475 20 .62 0 .21 1170
480 2 0 .40 0 .2 2 1180
485 20.23 0 .1 7 1192
490 20 .07 0 .1 6
'
1200
t  mins W mgi..... j. dW/dt : t c
495 19.96 1 0 .11 1210
500 19.83 1 0 .13 1225
505 19.72 0 .11 1233
510 19.61 0 .11 1242
515 19.45 0 .1 6 1250
520 19-38 0 .0 7 1260
525 19.32 0 .0 6 1270
530 19 .20 0 .1 2 1278
535 18.99 0 .2 1 1288
540 18.92 0 .0 7 1298
545 18.76 0 .16 1305
550 18.70 0 .06 1312
555 18.64 0 .06 1320
560 18.53 0 .11 1330
565 18.52 0 .01 1338
570 18.55 -0 .0 3 1346
575 18 .50
■ 1
0 .05
.
1350
R e s id u e : d a rk  g reen
F inal"  lo s s  in  Wt = 1 2 2 .6  mg I n i t i a l  Wt = 141 .60  mg
% lo s s  = 8 6 .58
- 1 1 4 -
T a b l e  2 5
The rm o g rav im e trie  S tu d ie s  o f compound J  j Cr p ru l A sO ^ ^ ^ O
H eatin g  Programme : 12 -hou r ru n
t  mins , W mg. 1. dW/dt T °C
0 70 .00 0 17
5 70 .10 -0 .1 0 17
10 70.15 ■-0.05 17
15 70.73 -0 .5 8  : 25
20 70.61 0 .1 2 35
25 " 70 .35 0 .2 6  ! 40
30 69 .81 0 .5 4 45
35 68 .87 0 .9 4 50
40 6 7 .75 1 .1 2  j 54
45 6 6 .3 8 1 .3 7  ! 58
50 64 .72 1 .6 6  | 62
55 65 .86 0 .8 6  1 66
60 6 5 .0 0 0 .8 6  1 70
65 62 .19 0 .8 1  i 74
70 61 .25 0 .9 6 78
75 6 0 .4 8 0 .7 5 82
80 5 9 .74 0 .7 4 86
85 59 .00 0 .7 4 90
90 58 .26 0 .7 4 94
95 57 .87 0 .3 9 98
100 57 .55 0 .5 2 100
105 57 .26 0 .2 9 110
110 55 .93 1 .3 5 140
115 51 .37 4 .5 6 165
120 50 .05 1 .5 4 180
125 4 9 .2 4 0 .7 9 190
150 4 8 .7 0 0 .5 4 200
135 4 7 .7 6 0 .9 4 210
140 4 7 .0 2 0 .7 4 220
145 4 6 .5 8 0 .6 4 250
150 4 5 .6 5 0 .7 3 240
155 4 4 .8 1 0 .8 4 250
160 4 5 .8 5 0 .9 8 260
165 4 2 .9 5 0 .8 8 2 70
170 4 1 .8 5 1 .1 2 280
175 4 0 .6 0 1 .2 3 290
180 3 9 .28 1 .3 2 500
185 37.85 1 .4 5 510
190 36 .53 1 .5 2  1 520
195 35 .15 1 .1 8 330
200 34 .22 0 .9 5 540
C hart speed  : 12” p e r hour
t  mins . W mg , aw /a t , 1-3 0 0
205 33 .35 0 .8 7 550
210 32 .45 0 .92 560
215 51.41 1 .02 370
220 29 .74 1 .67 580
225 27 .47 2 .27 590
250 25 .55 1.92 400
255 24.65 0 .92 4-10
240 24 .17 0 .46 425
245 25 .74 0 .45 455
250 25 .52 0 .2 2 445
i 255 25 .50 0 .22 455
260 25.15 0 .17 465
265 22 .95 0 .1 8 478
270 22 .79 0 .16 488
275 22.65 0 .1 4 500
280 22 .54 0.11 510
285 22 .42 0 .12 520
290 22 .40 0 .02 530
295 22 .28 0 .12 540
500 22 .17 0 .11 550
505 22 .15 0 .02 560
510 22 .14 0.01 571
515 22 .02 0 .12 583
520 21 .99 0 .05 595
525 21 .97 0 .02 605
550 21 .85 0 .12 615
335 21 .74 0 .11 625
540 2 1 .67  ! 0 .0 7 656
545 21 .65 0 .02 647
550 21 .65  i 0 .02 658
355 21 .60 0 .05 670
560 21 .65 -0 .0 5 681
365 21 .57 0 .0 6 691
370 21 .54 0 .05 705
375 21.55 -0 .0 1 715
380 21 .56 -0 .0 1 726
385 21 .59 -0 .0 5 738
390 21 .58 0 .01 750
395 21 .56 0 .02 760
i 400 21 .55 0 .01 770
! 405 
- ......... —  — . . .iiirm
2 1 .4 8  i 0 .07 780
- 1 1 5 -
T a b l e  2 5  ( C o n t d )
t  m ins | W mg d w / a t 0
0EH
410 1 21 .27 0 .21 791
415 I 20 .95 0 .5 2 805
420 1 20 .28 0 .6 7 815
425 1 19 .71 0 .5 7 826
450 J 19 .60 0 .11 857
455 ! 19 .58 0 .0 2 848
440 I 19.41 0 .1 7 859
445 1 19; 55 0 .0 6 870
450 I 19; 25 0 .1 2 880
455 j 19 .07 0 .1 6 890
460 ! 18 .90 0 .1 7 902
465 1 18 .78 0 .1 2 915
470 I 18 .56 0 .4 2 925
475 ! 18 .05 0 .5 1 955
480 j 17 .45 0 .6 2 947
485 1 16 .51 0 .9 2 958
490 | 15 .15 1 .5 6 969
495 j 15 .58  u 1 .7 7 980
500 ! 11 .47  ^ 1 .91 990
505 |
! i  
i J
9 .5 6 1 .9 1
.
1000
R esidue : Green
F in a l lo s s  in  Wt = 6 4 . 5  mg
% lo s s  = 9 2 .14
j t  mins I W mg . a w /d t j. T  °C
: 510 I 9 .0 9 0 .4 7  i 1012
515 i 8 .6 5 0 .4 6  i 1025
520 I 8 .5 8 0 .2 5  1 1055
525 j 8 .1 0 0 .2 8  | 1045
550 i 7 .9 4 0 .1 6  j 1055
555 1 7 .7 2 0 .2 2  ! 1068
540 j 7 .6 0 0 .12  j 1080
545 j 7 .4 4 0 .1 6  j 1090
550 ! 7 .52 0 .1 2  | 1100
555 I 7 .1 6 0 .1 6  i 1110
560 ! 7 .0 9 0 .0 7  1 1120
565 ! 7 .05 0 .0 6  I 1150
570 ! 7 .01 0 .0 2  j 1140
575 1 7 .0 0 0 .01  | 1150
580 ! 6 .9 8 0 .0 2  1 1160
585 ! 6 .9 7 0 .0 1  j 1170
590 1 6 .9 0  i 0 .0 7  1 1180
595 j 6 .9 9  1 - 0 .09  ! 1190
600 1 6 .9 7  |
! ix \
0 .0 2  I 1200
I n i t i a l  Wt = 7 0 .0 0  mg
C r ( l l l )  -  tr is e th y le n e d ia m in e  compounds.
O p tic a l D e n s itie s  ( d)
260 
270 
280 
290 
300 
3 20 
330 
34 0 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450
460
470 
480 
490 
500 
520 
540 
550 
560 
580 
600 
625 
650
Temp.
Approx.
i n f .
i n f .
1.50
1 .5 0 .
1.22
0 .71
1 .02
0.96
1 .15
1 .22
1 .1 8
0 .58
0 .39
0 .4 0
0 .47
1 .20
1 .65
1 .65
0 .95
0,60
0.18
0.05
0.05
0.03
0 .02
0.02
0 .01
0.03
25°C. C e l l :  1 cm ( s i l i c a )
c o n c n .: M/lOO (ex cep t M/50 f o r  th e  c h lo r id e )
1.70 1 .70 1.70
0 .47 0.43 0.49
0.60
_
0 .57 0.58
0.68 0.65 0.66
0.69 0.67 0.68
0.41 0.40 0 .41
0 .25 0.25 0.25
0.17 0,16 0.17
0 .2 4 0.23 0.25
0.37 0.36 0.37
0.69 0.65 0.67
0.78 0.75 0.78
0 .72 0.72 0.72
0.59 0.58 0.60
0.29 0 .28 0.28
0 ,10 0.10 0.10
0.04 0 .03 0 .0 4
0.02 0.02 0.02
0.02 0 .01 0.01
0 .01 0.01 0.01
0.01 0.01 0.01
R eference: w a te r
TABLE_ 7 J
do Measurements
C r( I I I ) - t r i  spropylenediam ine oompounds
\  (mp) ] O p tic a l D e n s itie s  (d)
1 Br  ^ - j-
-............. -t -------- -------- *-----
SCN
t 260 in fo i n f . i n f .
1 270 i n f . i n f . i n f .
j 280 i n f . i n f . i n f .
\ 290 i n f . i n f . i n f ,
,300 1 .40 1 .9 0 2.00
310 0,59 0.72 1.30
320 0.43 0.49 ■0.76
330 0.46 0 .47 C .bl
333 0 .56 0,59 0.53
34-0 0.59 0 .59 0.62
350 0.62 0.65 0 .68
355 0 .6 4 0.65 0.72
360 0.60 0 .63 c . 64
3^5 0.52 0 .5 4 0.61
370 0 .4 4 0 .4 4 0.50
38 0 0 .28 0 .32 0.35
390 .0 .1 9 0 .23 0,27
395 0 .18 0.23 0.29
400 0.20 0.22 0 .27
410 0 .2 4 0 .2 8 0.33
420 0 .42 0.46 0.41
440 0 .72 0 .6 5 0.65
450 0.86 0 .81 0.75
460 0.89 0 .82 0.85
470 0.72 0 .73 0.82
480 0,70 0.62 0.62
500 0.32 0.38 0.38
520 0.13 0ol7 0 .22
540 0,06 0,13 0.16
560 0.03 0.10 0,12
580 0, 04 0.10 0 .11
600 0.11 0.11 0 .11
625 0 .1 1 0.11 0.11
I 650 0 .02 0.02 0.02
Temp.; ^  25°C 
Approx. c o n c n .; M/100
C e ll :  1 cm. ( s i l i c a )
.Reference: w a te r  .
- 1 1 3 -
Spec t r o
TABLE 23
jom etric Measurements
v lenediam rne d e r iv a t iv e s
X (m|i) O p tic a l D e n s itie s  ( d) X (mji) O ptical
C D E C
280 0.03 0.03 590 0 .0 4
290 0.02 0 .03 392
300 0 .00 0.03 o. 04 394
310 0 .01 0.06 0 .08 395 0.04
' 320 0.04 0.14 0.16 396
330 0.08 0o26 0.31 397
340 0 .1 4 0.40 0.46 398 0.03
345 - 0 .45 U.52 399 0.04
347 0.47 0.53 400 0 .0 4
348 0.13 410 0.06
349 - 0.47 0 .5 4 420
350 0.15 0.47 0 .5 4 430 0.12
440
351 0 .48 0 .5 4 450 0 .18
352 0.15 0.47 0 .5 4 456
353 0.47 0 .5 4 458 . 0 .19
354 0 .1 5  *■ 460 0.19
355 0.46 0.53 462 0 .18
356 0 .15 464 0.19
358 0.15 466 0.18
360 0 .1 4 0.42 0*49 470
365 0.13 480
370 0.30 0.35 490
375 0 .07 500 0 .07
380 0.005 0 ,1 9 0.22 510
385 0 .0 4 520
550 0.00
D
0.13
0.12
0 .1 2
0 .1 2
0.12
0.12
0 .12
0 .12
0.13
0.18
0.28
0.39
0.30
0.57
0 .58
0.58
0.58
0.58
0.57
0.56
0 .5 4
0.43
0.35
0.21
0.13
0.07
E
0.15  
0 .1 4  
0 .1 4  
0 .1 4  
0 .1 4  
0 .1 4  
0 .1 4  
0.15 
0.15 
0.21  
0.32  
0.45 
0 .57  
0.66 
0.66  
0.66 
0.66 
0.62  
0.64
0 .6 4  
0.63 
0.51 
0 .38  
0.25  
o . l  6 
0.09
Temp.; --25°C.
C e l l ;  1 cm. ( s i l i c a )
Approx. c o n c n .; ]^/l00 f o r  compounds 1)^3.3^200 f o r  compounds C.
R efe ren ce ; w a te r .
- 1 1 9 “
TABLE 29
Spectrophotometrio Measurements 
ChromltmfIII)-.—trlspr opylen.?dtamine derivatives
y m i . i l  t  n  m  11 , 1  . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ■ ' «  ■ .«■■«  " T T  .. .. .. .. ■ ■ '  ■ ' > ' « ' "  ■■ 1 . . . . . . .  “  ' ' n  ' '  “ i  h i
I X (ic'j) | O p tic a l D e n sitie s  (D)
F
_ _ _ _ _
a H J
270 0.00  ' 0 .25
280 0.03 ■ 1 0.17
290 0 .03 0.00 ! 0.13
295
.300 0.03 0.01 0.07
301 0.07
302 0.07
303 0.07
304 • 0 .07
305 0.07
306 0.07
307 0.07
308 0.07
309 0.08
310 0*05 0 .04 0.02 0.08
311 0.08
315 0 .10
320 0.10 0.16 0.05 0.13
325 0 .18
330 0.19 0 .29 0.10 0.23
340 0.29 0 .42 0.17 0.37
345 0 .47
347
■
348 0 .49 0.20
349
350 0.35 0 .51 0.21 0 .4 4
352 0 .3 5 0.51 0.20 0 .4 4
353 0 .51 0 .4 4
354 0.39 0 .51 0.21 0 .4 4
355 0 .51 0 .4 4
356 0 .20 0 .44
358 0 .20 0.43
360 0.32 0.49 0.20 •
365 0.17 0.38
370 0 .25 0 .42
/ ’Contd. e
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Table 29 (C o n td .)
X (mjj)
375 
380 
385
390
391
392
393
394
395
396
398
399
400 
402
404
405
410 
415 
420 
425 
430 
435 
440 
445 
450
454
455
456 
458
460
4^2 
464 
466 
470 
480 
490 
500 
510 
520 
530 
540 
550
Temp.j 
Approx.
O p tic a l D e n s itie s  (D)
S’ Or H J  j
0.12 0.28  1
0.18 0 .33  | 0.10 0.23 |
1 0 .08 0 .20
0 .1 4 0.26 0.07 0 .18  j
0 .13 |
0.13 0 .2 5 0.17  |
0.13 ' 0 .17  1
0 .13 0 .2 4 0.17  |
0 .07 0.17 |
0 .2 4 i
. 0 .23 0.07 J
0.07 i
0.13 0 .23
0.23
0 .2 4
0 .07 0 .17  '
i
!
0 .18
0 .15
0 .21
0.25
0.31
0 .09
0.23
0.31
0 .28
0 .35
'
0 .47
0 .17
0 .40
0 .47  |
0 . 4a
-
0 .52
0 .53
0.25
0.52
0.52
0 .5 4 0.26 0.52
0.43 0 .5 4 0.26 0.53  |
0 .43
0.43
0.53 0 .2  6 
0.26
0.52  j
*
0 .43
0.51
0.26 ,
0.49  ]
0 .37 0 .43 0.43
0.23 0 .2 7 0.12 0.24  |
I
0.16■ 0.13
0 .07
j
........... I  ° - 0 3 . j
25 °C
; c o n c n .:
C e l l :  1 cm ( s i l i c a )
M/150 f o r  compounds 1? and H R eference:
M/125 f o r  compounds G- and J
w a te r .
Compound Maximum (mji) Minimum (mjj.)
Chloride 355-360 460 320 395-398
Bromide 355-360 460 320 395-398
Iodide 355-360 460
‘
320 395-398
' Thiooyanate 355-360 460
..
320 395-398
Compound C 352 460 280 394
Compound D 351 4^0 290 396
Compound E 351 460 280 396
Compound Maximum (mji) Minimum (mja)
Bromide
'
355 | 460 320 395
Iodide 355 J 460 ■320 395
Thiooyanate 355 j 460 320-330 395
Compound F 353 I 461 250 396
Compound G- 353 1 460 310 402
Compound H 352 j 460
1
280 396
Compound J 353 1 460 307 400
- 1 2 2 -
TABLE 31 
In fra -R e d  S p ec tra
H exaquochrom ium (lIl)-phosphate, j~Cr(H20 )^ |p 0 ^
due to  Lukaszewski and R edfern  ( l )
| At 25° ^ | f r ( H20 ) 6 lPQA | A t 330°C -  Cr(H2O)2P0^ j At 900°C -  CrPO^ |
[ Wave No. (cm j I n t e n s i t y  j Wave No. ( cm ) I n te n s i ty  j Wave No. (<sm ^ ‘I n te n s i ty ;f ! * *
715 s .s h 720 w. sh 740 (n. sh .
750 w. sh 745 w. sh . 785 p . shd.
860 w. shd. 780 w .sh . 870 p . shd.
900 w. shd. 865 w .shd . ( 925 
(
£*935
(1025
* , ,p . shd.
❖ 950 
1010
v .s ;b .
w .shd .
( 900 
>*940 
( 965
w .shd.
s;m .b .
js;m.b.
k . shd.
1140 w .sh d . m .sh . ( 1125 
^*1160 
( 1280
p .
l 600
1850
s .b .
m .b.
(1075
>1115
(*1160/
m .sh.
m .sh.
}s ;m .b .
:
p .s h d .
2300 v.w . s;m .b . 2300 » , y .w .;v .b #
e tc (1230 
1630 
1800 
2300 
e t c .
w .shd . 
mjm.b. 
v.w . ;b . 
s . s h ;v .b .
e tc i!
|
f
1
t
main peak,,
-  s tro n g m. -  medium w. -  weak
sh . -  sharp  shd. -  sh o u ld e r v . s .  -  v e ry  s tro n g
v.w , -  v e ry  weak v .b .  -  v e ry  b ro ad
-123-
TABLE 32 
In fra -R e d  S p ec tra
H exaquochrom ium (lIl)-arsenate  -  Cr(H20)g  AsO^
due to  Lukaszewski and R edfern ( l )
At 25°C -j^Cr(H20 )6jA s0 lj_ At 310°C -  Cr(H20 )2 .As0^
f(
At 700°C -  Cr AsO^ j
?/ave No. (cm ) I n te n s i ty Wave No.(cm I n te n s i ty Wave No,(cm
1
In te n s ity
712 m .shd. 710 w .shd . 725
j
w .shd , [
I
*750 v .s ;  m-.-bo 730 s . shd. 780 m ,shd. |
850 w .shd . 810 w .shd. *875 v . s . ; b .
960 w .shd . *850 v .s jm .b . 970
t
w .shd . 1
1010 w .shd . 900 w .shd, I I 60
I*
w .sh . j
1080 w, shd* 970 w .shd . 1660 v.w*
[
1150 w .sh . 1075 w .sh . -2300
i
v.w* j
1600 s ;  m.b. 1150 w .sh . -2700 s ;m .b . j
2300 s ;  v .b . 1655 m;m.b.
\
1
e t c , 2300
e tc .
m jv .b . .
i
»
<i!1
* main peak*
s* -  s tro n g  m. -  medium w, -  weak
sh . -  sharp  shd. -  sh o u lder v . s .  -  very  s tro n g
v.w . -  very  weak v .b .  -  ve ry  b road .
- 1 2 4 -
TABLE 35 
•a-Rea s p e c tra
—1Wave No, (cm )
*781
*866
1015
1063
1281
1328
1430
*1560
1905
2007
2281
2734
*2834
*2914
3100
*3257
f3335  
* main peak , 
s .  -  s tro n g
shd . -  sh o u ld er
I n te n s i ty
s . 
s .  
w. 
w.
v.w , 
w. 
w. 
s .
v.w . ;b . 
v.w , 
v.w* 
v.w , 
s , 
s ,
w .shd, 
s . 
s .
m. ~ medium w, -  weak sh .
v . s .  -  v e ry  s tro n g  v.w , v e ry  weak
-  sharp
v .b .  v e ry  b ro ad .
- 125-
TABLE 34
T  ~ 1
Compound D -  |C r en^jPO^. 3 ^ 0
H eated to  120° -  140°C -  j^Cr en^P O ^ (o ran g e -y e llo w ).
: 1 "    " 1 1   "  1 " 1,1 1 "  •
Wave No, (cm ) j W avelength (p.) I n te n s i ty
8^5 11 .8
891 11.2
914 10.9
( 969
*^1063
(1187
10.3
9 .4
8 .4
- 1313 7*6
1350 7 .4
1600 6.25
2344-2450 4*3 -
-2 6 8 5 -3 1 8 7 3*7 -
w.
w.
w.
v . s .
s .
s .
m.
m.
m.b.
w .b.
m jv .b .
H eated to  76o°C -  Cr'PO  ^ ( s r e y)*
Wave No. (cm ) W avelength (p ) I n te n s i ty
[ 953 
(1016 
| l l 2 5  
*(1155
1 0 .5 w .b.
9.85 w.
8 .9 w.
8 ,7 v . s . s h .
1650 6 .1 v .w .b .
1880 5 .3
'
v.w .
2750 3*6 v.w .
For key to  n o ta t io n s ,  see fo o tn o te  Table 31*
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E -  f c r  en jA sO , .3Ho0 — L- 3j 4  2
Heated to 120°C -  jj3 r  en„'|AsO^ (yellow ),
Wave No. (om ) W avelength (p )  ; I n te n s i ty
*789 ~ 12*7 s .
813 12.3 m .shd.
893 • 11.2 w.
1031 9.7 w.
1047 9.55 m .sh.
1152 8 .7 w.
1172 8 .5 w.
1203 8 .3 w .shd.
1312 7.6 w.
1352 7 .4 w.
1625 6.15 w .b.
1899 5.2 v.w .
2359 4.3• w .b.■
2422 4 .1 vr.b.
2687-3125 3 .7  -  3 .2 m; v .b
 ^ -y O
H eated to  240° -  250°C -  ! Cr en^AsO, 1 (g rey -y e llo w ish  green)
1'' 1 — -
Wave No. (cm ^ ) W avelength (p)j I n te n s i ty
11.6
/ C o n t d . . .
H eated to  6A0°C -  CrAsO
4
_Q.
Wave No.- (cm ) W avelength (fj.) I n te n s i ty
> 875 1 1 .4 v . s , ;
~  1100 9 .1 w.
-1 1 2 5 8 ,9 w •
1625 6.15 v.w .b
1825 5 .5 v.w .
2312 4 .3 v.w .
2719 3 .7 v.w .
F or key to  n o ta t io n s ,  see fo o tn o te  Table 31.
-128-
T.ABLE 36 
In fra-v ied  S p e c tra
Compound C -  j Cr en^j 2 (H P0^)y9H 20
H eated to  730°C -  C r^P ^O ^)^  (brow nish b lack ),
T/ave No. (cm  ^ )
..............
W avelength (p.) I n te n s i ty  ;
* ( 915 
(1140
10.9 v .s ;  v .b .
8 .8 v . s ;  v .b .
1547 6 .5 v .w .sh d .
2320 4 .3 w.
2735 3 .7 v.w .
Compound F -  j Cr pn,lHPG^.HJ?0^.7H„0
H eated to  700°C -  Cr, (P^O-,)-, (c.ark brown) •
Wave No. (cm W avelength (p ) I n te n s i ty
*925-1350 1 0 .8  -  7 .4 v . s , ; v , b .
1620 6 ,2 w .b .sh d .
2180 4 .6 v.w .
2715 3 .7 v.w .
Compound 0 -  [Cr p n lj PO, •9H20
H eated to  910°C -  CrPO^ (g re y ) .
Wave No. om ) W avelength (p ) I n te n s i ty
■ .4969 10 .3 v . s . ; v , b .
(1135 8 .8 v . s . ; v . b .
1641 6 .1 v .w .b .
2238 4 .5 . w. j
2764 3 .6 v.w .
For key  to  n o ta t io n s ,  see fo o tn o te  Table 31.
Compound J -  [cr p n ^ [A s 0 ^ .9 H 20
H eated to  1200°C -  Cro0 ,2 5
Wave No* (cm
1150
2290 
2734
W avelength (p ) I n te n s i ty
8 .7  
4 .4
3 .7
v.w .
v.w .
v.w .
F or key to  n o ta t io n s ,  see fo o tn o te  Table 31
Compound P o ss ib le  Xormula End-pi
Expected
C om position
roduct
C olour Tempera­
tu re
X -ray
diagram
' C [C r e n J 2 (HP04 )3 .H20 Cr4^P2°7^3 
and 
Cr P°4
brow nish
b lack
730 °C No p a t te r n  
o b ta in ed
E [ c r  pn^] HPO^. H^PO^. 7 ^ 0 “v ^ P2°7^3
and
Cr PO.4
d a rk '
brown
700°C it
G [C r y n ^ e 0 k .9n 20 Cr PO. 4 grey 910°C
it
Cr PO. 4 d a rk '
green
1150°C P a tte rn  com­
p a ra b le  to  
a -C r PO^
(See Table 
39)
J [C r pn J  AsO^. 9H20 Cr2°3 green 1400°C P a t te rn  com­
p a ra b le  to  
Cr^O^ (See
T able 40 )
[C r en |
u. C13 .3H20
: c r 2o3 dark 700°C it
1
green
- 1 3 1 -
TA3LE 39 
X-Ray Analysis
{x j
,-CrPO, due to S u ll iv a n  and 4
^11}
CrPO, from p y ro ly s is  o f
McMurdie (7 ) Compound G, jjCr pn3 jPV 5H2°
* Md?f sp ac ing  
(AoUQ
I n te n s i ty Md,! spacing  
(AoU.)
I n te n s i ty
6 .45 17
5.67 45 6„00 medium
5.40 100
5 .20 48
'3 .1 5 9 3 .2 0 v , f a i n t
3 .0 4 22 2 .88 weak
2.77 13 2.80 f a i n t
2 .7 4 • 51 2 .70 medium
2.69 40 2 .68 medium
2.60 26
2 .17 18 2 .22 v . f a in t
2 .03 13
1 .703 13
1.629 4
1 .612 5 1.60 v . f a i n t
1 .575 6
1.553 3 1 .55 v , f a i n t
1 .528 8
1.519 6
1 .447 3
1.443 2 1 .40 v , f a i n t
* Complete data are not included. 
Radiation; Cu (in  both cases)
- 1 3 2 -
 m
Cr^O^ due to  Swanson(8 )
* »
sp ac ing
(A .U .)
I n te n s i ty spac ing
(AoTJ . )
3.633 74 3.80
2*666 100 2 .76
2.480 96 2.53
2 .264 12 2.22
2.176 38
1.8156 36 1 .8 5
1.672 90 1.70
1.579 13
1.465 25 1.48
1 .4314 40 1 .4 5
1.2961 20 1 .32
1.2398 17
1.1731 14
1 .0874 17
1.0422 16
0.9462 12
0.9370 12
0.8957 14
0.8658 23 0 .87
0.8331 11
0.8263 9
TABLE_40 
X-Ray A nalysis
( i i )
Cr^O^ from p y ro ly s is  
o f jj3 r en^jC1^.3H20
Hd"
I n te n s i ty
s tro n g  
v . s tro n g  
v . s tro n g  
f a i n t
medium
s tro n g
weak 
medium 
v . f a i n t
v . f a i n t
( i i i )
Cr20^ from  p y ro ly s is  o f
Compound J ,
Cr p n jA s0 ^ .9 H 20
"d ”
sp ac ing
(AoUe)
3 .95
2.80  
2.60  
2.25
1.86 
1 .71
1 .4 8  
1 .45  
1 .32
I n te n s i ty
s tro n g  
v . s tro n g  
v . s tro n g  
f a i n t
medium
stro n g
medium
medium
f a i n t
0 .95 v , f a i n t
0.90 v . f a i n t
0.90 v . f a i n t
0 .87 v . f a i n t
0 .8  38 v . f a i n t
0 .928 v . f a i n t
* Complete d a ta  a re  n o t in c lu d e d .
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S E C T I O N  I V
G-ENERAL DISCUSSIONS AND CONCLUSIONS
The methods o u tl in e d  in  S e c tio n  1 1 .2 (a )  -  (c )  (p p .51-59) can he 
g e n e ra l is e d  as an exchange o f an ions r e a c t io n  in  s o lu t io n  as fo llo w s  :
CX + MY = = = ^  CY -f MX 
In  o rd e r t h a t  th e  r e a c t io n  may p roceed  to  com pletion , namely
CX + MI ------- >  CY + MX
( i )  i t  i s  n e c e ssa ry  f o r  e i th e r  one o f the  p ro d u c ts  CY or MX to  be
in s o lu b le  i n  the  medium i n  which th e  r e a c tio n  i s  c a r r ie d  ou t o r
f o r  one to  be p r e c ip i t a t e d  o u t by th e  a d d itio n  o f a  s u i ta b le  fs o lv e n t! ,
( i i )  A lte rn a tiv e ly *  i f  b o th  p ro d u c ts  a re  o f n e a r ly  e q u iv a le n t s o lu b i l i t y ,
i t  w i l l  be n e ce ssa ry  to  have an excess of one o f th e  re a g e n ts  CX o r
MY and to  s e le c t iv e ly  p r e c ip i t a t e  o r remove th e  re q u ire d  p ro d u c t 
from the  s o lu t io n  p h ase .
The re a so n  why th e  a d d it io n  of a lk a l in e  m eta l o r ammonium phosphates
o r  a rse n a te s  f a i l e d  to  y ie ld  p u re  p ro d u c ts  o f *en! o r fp n ! phosphate  o r
a rs e n a te  i s  pro b ab ly  due to  th e  f a c t  th a t  th e  s o l u b i l i t y  o f , say , 
c h ro m iu m (III) - tr is e th y le n e d ia m in e  phosphate i s  com parable to  t h a t  o f  
ammonium p h o sp h ate , e t c .  P re p a ra tio n s  o f pure  m a te r ia ls  from  c o n c e n tra te d  
phosphoric  o r  a rs e n ic  a c id  a re  n o to r io u s ly  d i f f i c u l t  to  ach ieve . I t  i s  
l i k e l y  t h a t  a f t e r  many r e c r y s t a l l i s a t i o n s  th e  p ro d u c ts  cou ld  be o b ta in e d  
pu re  in  sm all q u a n t i t i e s .  In  v iew , however, o f th e  success o f th e  l a t e r  
methods t h i s  p a r t i c u l a r  method was s e t  a s id e .  F u r th e r  r e s t r i c t i o n s  on 
th e  methods o f p re p a ra t io n  a r i s e  from  the  f a c t  th a t  i t  was n o t co n s id e re d  
d e s ir a b le  to  h e a t the s o lu t io n  above about 65°C. There i s  ev idence ( l )
- 152-
o f  th e  fo rm atio n  o f polym eric  sp e c ie s  in  the form  o f  u n c r y s ta l l i s a b le  re d  
o i l s  in  th e  case  o f the  su lp h a te , Even in  th i s  p re s e n t  s tu d y  th e  use o f  a 
mixed s o lv e n t , such as aqueous a lc o h o l , o f te n  r e s u l te d  i n  th e  fo rm atio n  o f  
o i l s  which were ex trem ely  d i f f i c u l t  to  work up and in  some cases im possib le#  
The " s i l v e r ” method (S e c tio n  I I . 2 , (o ) pp.55~59) owes i t s  su ccess  to  
th e  f a c t  t h a t  one of th e  p ro d u c ts  o f r e a c t io n  ( th e  s i l v e r  h a l id e )  i s  in ­
so lu b le  in  aqueous s o lu t io n ,  th e  medium in  which th e  r e a c t io n  ta k e s  p lace#  
Although one o f the  r e a c ta n t s  ( th e  s i l v e r  t e r t i a r y  phosphate  o r a rs e n a te )  
i s  s p a r in g ly  in s o lu b le  i n  aqueous s o lu t io n ,  i t s  s o l u b i l i t y  in  w a te r i s  
f a r  g r e a te r  th a n  th o se  of th e  s i l v e r  h a l id e s  (see  T able 41 below ) so t h a t  
th e  r e a c t io n  w i l l  p ro ceed  to  com pletion  by u sin g  a s l i g h t  excess of th e  
s i l v e r  t e r t i a r y  phosphate  o r a s e n a te , as th e  case  may be#
Table 41
S o lu b i l i ty  o f  some s i l v e r  s a l t s  (2 ) in  w a te r  a t  20°C
[S ilv e r  s a l t
-4-J o lu b i l i ty  i n  10 g .p e r  l i t r e
Ag3P0^ AgCl AgSCN AgBr Agl
85 64-. 4- 15 .5 1.4- 0,84- 0 .028
As i s  to  be ex p ec ted  from th e  pK-^  and pK^ v a lu e s  (32) o f  H^PO^ and 
HyisO^, w hich a re  ap p ro x im ate ly  o f  the  o rd e r  o f 2 and 7 r e s p e c t iv e ly ,  th e  
a d d it io n  o f a  s l i g h t  excess o f a c id  o f th e  r e a c t io n  m ix tu re  (see  S e c tio n  
I I# 2 # (c )  p p .55-59) would be  expec ted  to  y i e l d  e i t h e r  th e  p rim ary  o r 
secondary  o r  even a p rim ary -seco n d ary  compound In  f a c t  a l l  th e  compounds
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p re p a red  under a c id  c o n d itio n s , namely A, B, C, F and H are  e i th e r  p rim ary - 
secondary (compounds A and F) o r secondary phosphates o r  a rs e n a te s  (com­
pounds B, C and H). W hile o i l  th e  o th e r  compounds p re p a red  by th e  sim ple 
m a ta th e t ic a l  r e a c t io n  a re  t e r t i a r y .  D aniel and Salmon (3 ) showed th a t  two 
s o l id  p h ases  i n  th e  system  |co(N H j)g j a t  25°C were in  f a c t
cHPO^. ZHgO s ta b le  in  r e l a t i v e l y
J?0, )_.H-F0, from  s tro n g  ac id  con - 2 A 3  3 A
d i t io n s .  These, on d i lu t io n  and n e u t r a l i s a t io n ,  gave th e  compound
[ co( nh3 )61 2 ( hpo4 )3 . i |?h2o.
I t  i s  o f  i n t e r e s t  to  n o te  t h a t  the amine phosphates and a rs e n a te s  a re  
a l l  s o lu b le  o r  r e l a t i v e l y  s o lu b le  m a te r ia ls  w h ile  those  o f th e  c o rre s ­
ponding hexaquo s a l t s  a re  in s o lu b le  m a te r ia ls  (4 ,5 )*  The rea so n  f o r  t h i s  
i s  n o t im m ediately  ap p aren t b u t may be due, i n  p a r t  a t  l e a s t ,  to  th e  r e ­
l a t i v e l y  s tro n g  hydrogen bonding which i s  known to  occur in  Hie hexaquo 
phosphate  and a r s e n a te .
The a b so rp tio n  s p e c tra  (see  F ig s , 13-16) o f th e  phosphates and a rsen ­
a te s  d e riv e d  from  th e  tr is e th y le n e d ia m in e  o r  tr isp ro p y len e d ia m in e  chromium- 
( i l l )  compounds compare v e ry  c lo s e ly  to  th o se  o f  theJC r
jC r p n ^ j^ + r e s p e c t iv e ly .  Thlts i t  may be  in f e r r e d  th a t  in  th e  p re p a ra t io n  
o f  th e  phosphate  and a rs e n a te  compounds th e  c a tio n  rem ains u n a ffe c te d  by 
th e  r e a c t io n  th ro u g h o u t. Presum ably i t  would be p o s s ib le  to  fo rm u la te  
th e se  compounds w ith  e i th e r  c o -o rd in a te d  w a ter o r  PO^ o r AsO^.
The fo llo w in g  ev idence  shows t h a t  t h i s  i s  n o t so :
s tro n g  a c id  c o n d itio n s  and [p ° (N H ,)g j (H
somewhat s im i la r ,  namely j_Co(NH,)^ JH^PO^
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(a )  The PO o r  AsO. a n a ly s is  rem ains id e n t i c a l  w hether th e  compounds
4  4
a re  p a ssed  th ro u g h  a c a t io n  exchanger or n o t.
(b ) The study  o f  th e  f i r s t  s ta g e  o f  decom position  o f  th e se  compounds 
on th e  therm obalance in  which th e  read y  lo s s  o f w a ter i s  a p p a ren t. 
A ccord ing ly  th ey  a re  as fo rm u la ted .
IV.2 Therm ogravim etric and Complementary S tu d ie s
For convenience in  d is c u s s io n  th e  therm ograv im etric  r e s u l t s  w i l l  be 
c o n sid e red  under th re e  head ings :
(A) The f i r s t  s ta g e  i n  th e  decom position o f th e  compounds p re p a red ,
(B) The in te rm e d ia te  s tag e s  i n  th e  decom position  o f the  compounds p rep a red ,
(C) The l a s t  s ta g e  in  th e  decom position  o f th e  compounds p re p a red .
On exam ining F ig s . 1-6 (p p .133-138) th e  T .G .curves and F ig s .7-12
th e  DoToG-ocurves, th e  compounds s tu d ie d  in  t h i s  p re s e n t work 
may be c la s s e d  in to  th re e  groups fo r  t h i s  f i r s t  s tag e  : -
( i )  th e  t r i h y d r a t e s ,
( i i )  th e  m onohydrates,
( i i i )  o th e r  h y d ra te s .
( i )  Compounds in  t h i s  group a re  th e  chromium(III )- tr is e th y le n e d ia m in e  
c h lo r id e , brom ide, t e r t i a r y  phosphate  (compound D) and t e r t i a r y  a rs e n a te  
(compound E). Each o f th e se  compounds has c e r t a in  s i m i l a r i t i e s  in  b o th  
th e  T.G. and D.T.G. cu rves and from  a com parison o f th e se  i t  would seem t h a t  
th e  fo llo w in g  g e n e r a l is a t io n s  can be made :
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(a )  The h y d ra te  has a s h o r t  range of s t a b i l i t y ;  a l l  th e se  compounds 
beg in  to  lo s e  w a ter a t  a p o in t  between 30 -  50°C. That t h i s  i s  so 
m ight w e ll account f o r  th e  f a c t  th a t  the brom ide c r y s t a l l i s e s  w ith  a 
v a ry in g  amount of w a te r of c r y s t a l l i s a t i o n ,  3 o r  5 m olecules (6 ) have 
been  re p o r te d .
(b) The shape o f th e  D.T.G-, cu rv es  f o r  th e  r e a c t io n
i s  a lm ost i d e n t i c a l  f o r  each o f  th e se  compounds. The curve i s  sim ple 
and non-skew and alm ost c e r t a in l y  r e p re s e n ts  a s in g le  s tag e  p ro c e ss  
and th e  re a c t io n s  can be ex p ec ted  to  have low a c t iv a t io n  e n e rg ie s .
(c )  The r e s u l t a n t  anhydrous compounds a re  a l l  s ta b le  up to  120°C o r  
h ig h e r , and in  each case g iv e  a  p la te a u  in  t h e i r  D.T.G-. curve which 
l i e s  on th e  z e r o -a x is ,
(d ) At th e  tem p era tu re  a t  which th e  anhydrous compounds s t a r t  to  de­
compose, e v o lu tio n  o f  fe n ! may be ap p aren t from i t s  c h a r a c te r i s t i c  
sm e ll. However, t h i s  i s  n o t so in  a l l  cases  as th e  i n i t i a l  r a t e  o f 
decom position  i s  r a th e r  slow and i t  i s  n o t u n t i l  a  h ig h e r  tem p era tu re  
i s  reach ed  t h a t  e v o lu tio n  may b e  so d e te c te d . I?or the  known compounds 
th e  tem pera tu re  a t  w hich decom position  commences compares v e ry  w e ll
to  t h a t  o b ta in e d  by O’B rien  and B a i la r ( 7 ) .  The decom position  o f 
anhydrous m a te r ia ls  a re  ta b u la te d  in  th e  fo llo w in g  ta b le  No.42 and 
compared w ith  th e  d a ta  g iven  by  th e se  w orkers.
Compound
[C r  e n ^ X j
Tem perature 
Sue to  O’B rien  
and B a i la r (7 )
(°C)
P re se n t
work
Compound
[ C r p n 3)X3
Tem perature (°( 
due to. O’B rien  
and B a i la r ( ? )
' )
P re se n t
work
Cl 1600 l 6o°
B r. 210° 205° Br 195° 200°
I 200° 200- 210° I -
00r-H
SCN
00N~\
H
O 0 SCN 110° 114°
so4 210° 120° SO, - *
P04 -
00-tH
P04
- . *
AjsO,4 120° AsO,4
— *
* Cannot be determ ined  a c c u ra te ly .
( i i )  Compounds b e lo n g in g  to  t h i s  second group, namely th e  m onohydrate, 
in c lu d e  th e  c h ro m iu m (lI l) - tr is e th y le n e d ia m in e  io d id e  and th io c y a n a te  and th e  
c h ro m iu m (III)- tr isp ro p y le n e d iam in e  brom ide, io d id e  and th io c y a n a te :
I ? r  enj \  I 3 * H2°
j~Cr en3j(S C N )3 *H20 [C r pn^JIyH gO
^Cr p n ^ j ( S C ^ .H 20
Again th e se  show c e r t a in  ’fam ily  l ik e n e s s e s 1 and from t h e i r  T.G-. and 
D.T.G-. cu rves th e  fo llo w in g  g e n e r a l is a t io n s  can be made :
and
[ c r  pn 3 ]Br3*H2° 
J l ^ ,H 2(
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(a )  The h y d ra te s  are  s ta b le  (a s  i s  th e  case o f -the t r ih y d r a te s )  up
to  around 50° o r low er, w ith  th e  ex cep tio n  o f th e  chromium ( i l l ) - t r  i s -  
e th y lened iam ine  io d id e  which s t a r t s  lo s in g  w ater a t 84°C.
(b) The shape o f  the D.T.G-o cu rves fo r  the  r e a c t io n  :
(C r Jtog]x3 .H20(S ) — *  [C r i ta A x ^ S )  + H20 (g )
i s , i n  g e n e ra l , s im ila r  f o r  each o f th e se  compounds. The re a c t io n  i s  
o b v io u sly  a s in g le  s tag e  p ro c e ss  and i s  ex p ec ted  to  have a  low 
a c t iv a t io n  energy .
(NOTE -  I t  would be a p p ro p r ia te  a t  t h i s  s ta g e  to  comment on -the 
buoyancy c o r r e c t io n s .  I t  i s  observed  th a t  in  a l l  c a s e s , th e  D.T.G-. 
cu rv es  ( F ig s .6-12) have a s l i g h t  d ip  a t  th e  very  b eg inn ing  o f  th e  
cu rves a t  P . The buoyancy c o r re c t io n s  m easured-a t one p a r t i c u l a r  
r a t e  of h e a tin g  (4 -h o u r programme) were a p p lie d  th ro u g h o u t t h i s  work 
i r r e s p e c t iv e  o f  th e  d i f f e r e n t  r a t e s  o f h e a tin g  employed (g e n e ra l ly  
8 -  o r 1 2 - hour programme). L a te r  work (8) has su g g ested  th a t  buoy­
ancy e f f e c t s  a re  somewhat co m plica ted  and a r e  dependent on v a rio u s  
f a c to r s ,  one o f which i s  th e  r a t e  o f  h e a tin g  and t h a t  th e  c o r re c t io n  
i s  l a r g e r  f o r  slow er r a t e s  o f  h e a tin g . S ince th e  c o r re c t io n  i s  
alw ays most im p o rtan t in  th e  range o f room tem p era tu re  to  100°C, i t  
co u ld  be t h a t  th e se  cu rv es  should  no t show t h i s  i n i t i a l  drop. Much 
work i s  needed b e fo re  a  t r u e  c o r re c t io n  can be applied.)
(c )  The r e s u l ta n t  anhydrous compounds a re  a l l  s ta b le  up to  110° o r  
h ig h e r and in  each case g ive  a p la te a u  in  t h e i r  D.T.G-. curve which 
l i e s  on th e  z e ro -a x is .
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(d ) T h e ir decom position tem p e ra tu res , in  g e n e ra l, compare v e ry  w e ll 
w ith  th o se  o b ta in ed  by O 'B rien  and B a i la r  (7) (see  T able 4 2 ) .
The o rd e r  o f d ecreasin g  s t a b i l i t y  o f th e  anhydrous compounds found 
ex p e rim en ta lly  (and in  accord  w ith  O 'B rien  and B a i la r  (7 ) )  i s  th e  
fo llo w in g  ; Br I  Cl ^  SCN
and co rrespond ing  *en* complexes *pn* com plexes,
( i i i )  The t h i r d  group in c lu d e s  th e  o th e r  h y d ra te s , such a s  th e  
su lp h a te s  and th e  ac id  phosphates o r  a r s e n a te s  o f b o th  'en* and *pn* com­
pounds o f ch ro m iu m (lll) , and a lso  c h ro m iu m (lIl)- tr isp ro p y le n ed ia m in e  
phosphate  and a rs e n a te , namely
[Cr pn^jAs0^,9H20
These compounds a lso  show some 'fa m ily  l ik e n e s s e s ' i n  th a t  th e y  
ap p ear to  behave somewhat d i f f e r e n t l y  from th e  two groups a lre a d y  c o n sid e red  
above.
(a )  The range o f s t a b i l i t y  o f th e  h y d ra te s  i s  again  about the  same, 
decom position  commencing i n  a l l  cases  below  50°C.
. d o  No p la te a u x  a re  found co rre sp o n d in g  to  th e  anhydrous compound 
in  t h e i r  T.G. c u rv e s . T h e ir D.T.G. p a t t e r n  shows th e  p a r t  Q as a  
tro u g h  somewhat above th e  z e ro -a x is  ( th u s  co n firm in g  th a t  no p la te a u  
e x i s t s  -  s in ce  th e  w eigh t lo s s  does n o t become z e ro ) .  In  some cases
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no t  even a tro u g h  i s  d is c e rn ib le  b u t  m erely a sh o u ld er to  th e  D0T,&9cu rv e . 
Thus t h e i r  the rm al decom position a t  t h i s  s tag e  i s  much more co m p lica ted  
th a n  in  the c a s e  o f th e  o th e r  two groups. I t  i s  ap p aren t t h a t  two o r  more 
r e a c t io n s  are ta k in g  p la ce  a t  th e  same tim e and 'ru n n in g  in to  one a n o th e r* ,
(B) The in te rm e d ia te  s ta g e s  o f th e  therm al decom position  
Under t h i s  head ing , two d i f f e r e n t  c la s s e s  occur :
( i )  Those w ith  d e f in i te  p o in ts  of in f le x io n  R
( i i )  Those w ith o u t d e f in i te  p o in ts  o f  in f le x io n  R,
( i )  Those w ith  d e f in i t e  p o in ts  o f in f le x io n  R
I t  i s  known th a t  th e  in tro d u c t io n  of acido  lig a n d s  can be e f f e c te d  
by th e  a p p l ic a t io n  o f h e a t to  th e  a p p ro p r ia te  complex (1 5 ,1 6 ,1 7 ) . When 
two m onodentate lig a n d s  e n te r  the  c o -o rd in a tio n  sphere  th ey  c an  take  up 
e i th e r  a  c i s  o r  a  t r a n s  p o s i t io n .  Thus when a tr is e th y le n e d ia m in e  o r a 
tr isp ro p y le n e d ia m in e  ch ro m iu m (lll) compound i s  h e a te d  i t  shou ld  be p o s s ib le  
to  p rep a re  e i t h e r  a c is  or  a  t r a n s  compound. Some p o s s ib le  ro u te s  of de­
com position  a r e  in d ic a te d  in  Scheme 1 . Route A i s  th e  most s tra ig h tfo rw a rd  
ro u te  in v o lv in g  th e  ru p tu re  o f th e  two ends o f  th e  b id e n ta te  *en* l ig a n d
and th e  a d d i t io n  of th e  two acido  l ig a n d s  X to  th o se  two p o s i t io n s .  How- 
1 1ev er ro u te s  BB and CC a re  presum ably n o t  much d i f f e r e n t  e n e r g e t ic a l ly ,  fo r  
th o se  ro u te s  in v o lv e  th e  ru p tu re  o f 3 bonds betw een the *en* and th e  c e n t r a l  
m eta l atom, th e  reform ing o f  1 such bond in  an a l t e r n a t iv e  p o s i t io n ,  fo llo w ed  
by the  a d d it io n  o f two acido lig a n d s  X « D is s o c ia t io n  o f t h i s  ty p e  has been  
proposed  in  th e  exam ination o f  ra c e m isa tio n  o f  compounds o f  th e  type  
j*M (biden ta te)^J X+ in  s o lu t io n  (2 1 ) . These l a t t e r  ro u te s  would g ive  r i s e
S cke-rrL E *  I _  S o rftfc  ^ Q S S lb lt-  rau-Lts o£ J.tcavnpoflbion
*T
( T W
. V
* V
X
z
4
V?1
£
Cb6-
A
CblWc'^j Of %. borvfe
adj&Uo* o f Z K~
M pr 7
J k ♦ r f l
,tA
17
i-
X
i
ISVx- +X' Jt
Xz
OH-
/
B
UorvS-
B'
^  bfeaJ^wn^ o f  3 -* M boruls 
ffe-f»fwU*0 o f I M-*tv1 borvd .
o J M J J i o f \  o f  1 X" l i q t w i s  J
&L
Z
Z
* 7
i
&u-
c
%
2
I
jr*«- t2xli
4z
6ta»vS-
C '
f t-^ ra u A g  o f  / A /-»M  borvi. 
xdcU & on . o f  2. K~
-16 0-
to  b o th  c i s  arid t r a n s  isom ers. In  p r a c t ic e ,  g e n e ra l ly ,  e i th e r  th e  c i s  o r 
t r a n s  isom er i s  o b ta in ed . Thus, h e a tin g  £br en^jC l^  always g iv es  r i s e  
to  c i s -d ic h lo ro b ise th y le n ed ia m in e  ch rom ium (III) c h lo r id e  (1 ,1 6 ) w h ile  h e a t­
in g  th e  co rrespond ing  tr is e th y le n e d ia m in e  th io c y a n a te  compound g iv e s  th e  
t r a n s -d ith io c y a n a to b ise th y le n e d ia m in e  ch ro m iu m (lll) th io c y a n a te  (1 ,1 7 ,1 8 ,1 9 , 
2 0 ). However, in  th e  somewhat more l a b i l e  system , K j^ C r^ g O ^ ^ H g O )^ , 
i n  s o lu t io n  an eq u ilib riu m
c is  a:.aaS; t r a n s
i s  e s ta b lis h e d  and th e  t r a n s  form i s  d e p o s ite d  on c o o lin g  due to  i t s  low er 
s o l u b i l i t y  (2 2 ).
Presum ably th e  n a tu re  o f th e  acido l ig a n d  in  some way d i r e c t s  th e  
ro u te  o f  decom position . S ince e n e r g e t ic a l ly  th e se  v a rio u s  ro u te s  are  v e ry  
s im ila r  i t  would n o t be expec ted  th a t  t h e i r  therm al decom position  c h a ra c te r ­
i s t i c s  would be any d i f f e r e n t .
The thermograms of th e  known compounds such as th e  h a l id e s  and th io -  
cy an a tes  o f th e  *en! and *pn’ com plexes, in  g e n e ra l, show d e f in i te  p o in ts  
o f in f le x io n  R a t  which the  w e ig h t lo s s  seems to  in d ic a te  th a t  t h i s  s tag e  
r e p re s e n ts  th e  g e n e ra l r e a c t io n  *
jjbr £ c r
Thus th e  decom position  o f th e  anhydrous compounds commences w ith  
th e  lo s s  o f  one t h i r d  o f th e  diamine w ith  th e  fo rm atio n  o f  th e  d iac id o  
com plexes, w hich in  tu r n  decompose f u r th e r  w ith  the lo s s  o f more d iam ine.
The f i n a l  s tag e  (d is c u ss e d b e lo w ) in v o lv e s  th e  decom position  w ith  atmos­
p h e ric  o x id a tio n  of th e  anhydrous ch ro m iu m (lll) s a l t .  The f i r s t  s tag e  o f
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th e  decom position (o f  th e  arhydrous compound) corresponds to  the re a c tio n  
above and i s  p a r t i c u l a r ly  marked w ith  the tr is e th y le n e d ia m in e  c h lo r id e  
and th io c y a n a te  -  a d e a r  p o in t  o f in f le x io n  i s  seen in  th e  T.G. curve 
(F ig .l )*  The brom ide and th e  io d id e  and more e s p e c ia l ly  th e  ‘p n 1 complexes 
do n o t p ro v id e  such a  c le a r  c u t p o in t  of in f l e x io n  R co rrespond ing  to  th i s  
s tag e  o f decom position a s  subsequent s tag e s  commence w e ll b e fo re  th e  f i r s t  
s tag e  i s  com pleted.
This dynamic therm ograv im etric  hehav iour i s  in  accord  ?vlth th e  s t a t i c  
h e a tin g  s tu d ie s  on th e  compounds en 3] c i3 (1 ,1 5 ,1 6 )  and [ c r  en 3] ( s c n ) 3 
(1 ,1 5 ,1 6 -2 0 ) which have been e x te n s iv e ly  s tu d ie d . I t  was found th a t  h e a tin g
Cl^ (1 ,1 5 ) ,  to  210° f o r  s e v e ra l  hours produces an 83% 
y i e ld  of th e  c i s - d ic h lo ro b is e th .y le le d i amine ch rom iu m (lll)  c h lo r id e .  Subse­
quent r e c r y s t a l l i s a t i o n  r e s u l t s  i n  th e  pure  p ro d u c t being  i s o la te d .
S im ila r ly  th e  co rrespond ing  t r a n s - th io c y a n a te  may be p re p a red  by hea+ing the 
tr is e th y le n e d ia m in e  ch ro m iu m (lll) th io c y a n a te  to  130° ( th e  r e a c t io n  ta k e s  
l e s s  tim e in  th e  p resen ce  o f  ammonium s a l t s  (15) w hich seem to  c a ta ly s e  the  
r e a c t io n )  fo r  s e v e ra l h o u rs . These tem p era tu res  co rrespond  e i t h e r  to  the 
th erm al decom position  te m p e ra tu res  a s  determ ined  th e rm o g ra v im e tr ic a lly  o r 
a re  on th e  r i s i n g  p o r t io n  o f  the  a p p ro p r ia te  D.T.G. cu rv e . I t  may be  no ted  
" t h a t  a l l  th e se  compounds have a s im ila r  shaped D.T.G-. curve f o r  t h i s  stage  
o f th e  therm al decom position , a lth o u g h  in  th e  c ase  o f  th e  brom ides and th e  
io d id e s  th e  lo s s  o f the  rem aining tw o - th ird s  o f  th e  diam ine seems to  o v e rlap  
w ith  th e  end s ta g e s  o f th e  lo s s  of th e  f i r s t  o n e - th ird  of th e  d iam ine.
The T.G. and D.T.G-, cu rves (F ig s . 3 ,4 ,1 0 ,1 1 )  f o r  th e  anhydrous
th e  c h lo r id e , [C r  en ]
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compounds D and E, namely [C r e n j p o ^  and f c r  en^jAsO^ co rresp o n d  a t  t h i s  
s tag e  i n  t h e i r  decom position to  the  c h lo r id e  and th e  th io c y a n a te  in  t h a t  a 
\? e l l-d e f in e d  p o in t  o f in f le x io n  may be observed . Thus th e  r e a c t io n  may be 
deduced from the  s im i la r i ty  i n  b eh av io u r and from  the  a c tu a l  w eight lo s s  
i t  co rresp o n d s to  th e  w e ll-d e f in e d  p o in t o f in f le x io n  R.
n[_Cr en 3J a° 4  i
where A = P o r  As,
Ih en  a b id e n ta te  a c id  l ig a n d  i s  in tro d u ce d  w ith in  the  c o -o rd in a tio n  
sp h ere , th e re  a re  a number o f f a c to r s  in f lu e n c in g  i t s  e n try ,
(a )  Prom s t e r i c  rea so n s  th e  p o s i t io n s  occupied  by th e  two ends of
th e  l ig a n d  w i l l  be a d ja c e n t, i . e .  a  c i s  compound must r e s u l t  i f  one
i s  to  be form ed a t  a l l .  Thus presum ably th e  ro u te  o f decom position
w i l l  be s im ila r  to  A o u tl in e d  above f o r  the e n try  of two m onodentate
1 1lig a n d s  o r  to  ro u te s  B and C. Presum ably ro u te s  B and C w i l l  be 
b a r re d ,
(b) The l ig a n d  must be ab le  to  span th e  two p o s i t io n s  w ith o u t s t e r i c  
s t r a i n .  I f  i t  cannot, th e n  e i t h e r  a b r id g e d  p o ly n u c le a r  complex co u ld  
be form ed o r  a l t e r n a t iv e ly  i t  i s  fo rc e d  to  a c t s o le ly  as a  m onodentate 
lig a n d .
(c ) In  ev ery  case c o n sid e red  th e re  must be a  b a lan ce  of ch arges in  any 
complex so form ed.
For phosphate o r a rse n a te  to  show t h i s  b eh av iou r f a c to r  (b ) becomes 
o f g re a t  im portance s in ce  th e  c h e la te  complexes t h a t  w ould be form ed are  
e s s e n t i a l l y  four-m em bered r in g s  and th e  ten d en cy  to  form  such a r in g  w i l l  be
>«•» w
|C r  en2 A0^ln + n *en*
r e l a t e d  to  t h e i r  s t e r i c  s t r a i n .  T h is w i l l  in  tu rn  be r e l a t e d  to  th e  s iz e  
o f th e  m eta l io n . I f  the  m etal io n  i s  too  la rg e  o r too sm all a c h e la te  r in g  
w i l l  n o t be formed and e i th e r  o f th e  two p o s s i b i l i t i e s  m entioned above w i l l  
p e r ta in .  G-enge and Salmon (23) have c a lc u la te d  t h a t  the  optimum m eta l 
io n ic  ra d iu s  f o r  a s t r a i n  f r e e  four-m em bered r in g  w ith  PO^ i s  0 .72  A°. They 
s ta t e  t h a t  m eta ls  c o n sid e re d  in  t h e i r  argument w ere those  in  which o u te r  d 
o r b i t a l s  were most l i k e l y  be ing  u sed . Chromium d e riv e d  from hexaquochromium 
d id  n o t seem 'to  f i t  i n '  to  t h e i r  argum ent a lth o u g h  i t s  io n ic  ra d iu s  was 
c lo se  to  th e  optimum. The p re s e n t c o n d itio n s  would presum ably fav o u r the 
fo rm atio n  o f a  four-m em bered r in g  i f  i t  i s  a t  a l l  p o s s ib le  w ith  t h i s  elem ent 
s in ce  th e re  i s  no c o m p e titio n . Thus i t  has been  shown f o r  b o th  Co (24)
-i°(N H ^PCM  b u t t h a t  th e  
phosphate  group i s  l a b i l e  and a q u o tis e s  in  w a te r . By follovo.ng th e  p a t te r n  
of th e  c h lo r id e  and th e  th io c y a n a te  the. compound was h e a te d  fo r  s e v e ra l  
hours to  c o n s ta n t 'w e ig h t , a t a f ix e d  tem pera tu re  160 -  180°. This i s  on 
th e  r i s i n g  p o r t io n  o f th e  D0T0G-6 cu rve  and somev/hat above th e  therm al de­
com position  tem pera tu re  so t h a t  the  r e a c t io n  p roceeds a t  a m easurable r a t e  
and a w eigh t lo s s  o f  about 33^ was o b ta in ed  -  compared w ith  3C$ f o r  th e  
th e o r e t i c a l  
. [Cr on3]? 0
A g re e n ish  brown compound was o b ta in e d , which was washed w ith  c o ld  w a ter.
The w ashings were c o lo u r le s s  and no phosphate co u ld  be d e te c te d . Thus 
’en T and w a te r on ly  had been  l o s t  and th e  e m p ir ic a l form ula was Cr en^PO^
[Cr on2P°4] 3H20 en.
and f o r  Ru (25) t h a t  i t  i s  p o s s ib le  to  p rep a re  J m
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on analysis* The compound i s  insoluble in  water, even o n  boiling  o r  on 
standing. On heating with d ilute hydrochloric or n itr ic  acid a greenish 
brown solution was obtained. A conversion to j~Cr en£(H20)2^+ cation 
might be expected.
Preliminary experiments on th is  solution show :
(a) the presence cf fa ir ly  large cation, since rather slow 
sorption on an 8 per cent cross-linked cation exchange resin  i s  
observed.
(b) the phosphate i s  precipitated only slowly by the ammonium molyb- 
date method. No ionic phosphate seems to be precipitated by treating  
the neutral solution with s ilv er  n itrate solution, thus indicating  
that the phosphate i s  not in i t ia l ly  in an ionised form.
(c ) no absorption peak i s  obtained between the range 300 -  1000 mp
which Y/ould correspond to [Cr en2(H20)2] 3+ (33).
The only inference that can be deduced at th is  stage i s  that the 
compounds of empirical formula Cr en^PO  ^ or Cr en^AsO  ^ are formed with 
sim ilar thermo gravimetric behaviour but they are not necessarily mononuclear.
However, a l l  the evidence, to date, including the i'nfra-red studies, 
indicate that phosphate or arsenate i s  entering the co-ordination sphere 
-*as a bridging or as a chelating ligand.
( i i )  Those without any d efin ite  points of in flex ion  R 
The compounds under th is heading include the sulphates and the acid  
phosphates and arsenates of both !enf and fpn* complexes. The fa ilu re  of 
the sulphate to give a d efin ite  point of in flexion  R may be due to the fact
t h a t  i t  i s  n o t p o s s ib le  fo r  the  su lp h a te  l ig a n d  to  form  a four-m em bered r in g  
and th a t  i t  can on ly  a c t  e i th e r  as a monodentate ( 28- 31) o r as a b r id g in g  
l ig a n d  (2 6 ,2 7 ) .
I t  i s  d i f f i c u l t  to  s e e  ho¥7 by m a in ta in in g  a b a lan ce  of charges and by 
lo s in g  a m olecule o f *en* p e r atom o f chromium a s ta b le  compound (m ononuclear 
or p o ly n u c le a r)  cou ld  be found to  co rresp o n d  to  an e m p ir ic a l  form ula o f 
C r^en^S O ^)^ . Thus th e re  i s  no ro u te  o f decom position which can be en­
v isag ed  th a t  co u ld  le a d  to  th e  stepw ise  lo s s  o f j u s t  one fe n ‘ m olecule 
""i 3+en^ I b e in g  l o s t  f i r s t ,
2-I t  i s  p o s s ib le  f o r  th e  secondary phosphate  o r  a rs e n a te , HAO  ^ where 
A = P o r As, to  behave e i th e r  as a m onodentate o r  a b r id g in g  l ig a n d  o r  as 
a  c h e la t in g  l ig a n d  to  form a four-membered r in g .  I f  i t  were to  behave as a 
m onodentate l ig a n d  th en  ag a in  th e  same problem  as in  the  su lp h a te  i s  encount­
e re d , i . e ,  i t  i s  n o t p o s s ib le  to  re c o n c ile  th e  re q u ire d  ba lan ce  o f charges
2-w ith  the  e n try  o f two HAO  ^ groupings in to  the c o -o rd in a tio n  sphere o f th e
chromium, and th e  lo s s  of one 'en* p e r chromium atom ,and t h i s  co u ld  account
f o r  th e  absence of a p o in t  of in f le x io n  R in  the  th erm al decom position  o f
th e se  compounds,
2-  .I f  HAO  ^ i s  behaving  as a c h e la t in g  l ig a n d , th e n  i t  would be p o s s ib le  
.fo r  th e  fo llo w in g  ro u te  o f decom position to be env isaged  :
[ Cr
That t h i s  r e a c t io n  does n o t appear to  be p o s s ib le  or a t  any r a te  does 
n o t g ive  r i s e  to  a  s ta b le  e n t i t y  i s  su ggested , in  th e  p re s e n t Yfork, by th e
en
3 2<MV 3 Lc
Cr en2(HA04 ) j HAO, + 2 en .
p e r [C r
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absence o f any p o in t  o f in f le x io n  R in  t h e i r  T.G-. cu rves ( F ig ,4 -6 ) and by 
th e  f a c t  th a t  th e  D.T.G-o cu rves a re  not the  same p a t te r n  as fo r  th o se  in  
which the  lo s s  o f l ’e n 'p e r  Cr i s  seen  as a  d e f in i t e  s ta g e . I t  m igh t, how­
e v e r , s t i l l  be p o s s ib le  to  i s o l a t e  t h i s  compound by h ea tin g  a t  a low er 
tem p era tu re  ( i» e .  j u s t  above i t s  decom position te m p e ra tu re ) .
A lte rn a t iv e ly  i t  i s  p o s s ib le  th a t  a re a c t io n  in v o lv in g  HAO  ^ as a
b r id g in g  l ig a n d  m ight ta k e  p la c e , e .g .  
n [cr  e n j g  (H A O ^ — n en2 Cr
\ HAO
Cr en, HAO  ^ + 2 n fen
4
Again i t  does n o t seem p o s s ib le  to  observe a s tag e  in  the  therm al de­
com position  co rresp o n d in g  to  t h i s  re a c t io n  and the  t e n ta t iv e  co n clusion  
to  be drawn i s  t h a t  th e  a c id  phosphates and a rs e n a te s  do not decompose in  
th e  same s tep w ise  manner as th e  t e r t i a r y  phosphates o r  a r s e n a te s .
(C) The
Two d i f f e r e n t  ty p es  can be found under t h i s  heading  : 
Type 1 . D ecom position w ith  a tm ospheric  o x id a tio n
302 Cr X3 Cr203 + 3Xg (9 )
D ecom position w ith o u t atm ospheric  o x id a tio n  : -
1400°
(a )  2 Crn (A04 )m ------------>
<.1400°
(b ) 2 Cr (AO, ) ------------v '  n v 4  m r
more s ta b le  
where A = P, As o r S.
Cr2C>3 + o x ides o f  A,
Crn (AV m
> 1400°
Crr,Q, + o x id es  o f A ^ 3
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Type 1 in c lu d e s  th e  h a l id e s  and th io c y a n a te s  o f bo th  !e n f and , p n f 
complexes of chromium ( i l l ) ,  which a f t e r  lo s in g  a l l  t h e i r  w a te r ' and diam ine 
would be expec ted  to  g ive th e  ch ro m iu m (lll)  h a l id e s  o r th io c y a n a te s  r e s ­
p e c t iv e ly ,; .  However, th e  l a t t e r  .c an n o t be i d e n t i f i e d  as s ta b le  compounds 
from  the  thermograms o b ta in ed , most p robab ly  owing to. t h e i r  i n s t a b i l i t y  a t  
t h i s  tem peratu re  (abou t 350° -  400°C), th e  io d id e s  b e in g  o x id ise d  a t  an even 
e a r l i e r  s ta g e . S ince h e a tin g  i s  c a r r ie d  out in  open atm osphere, o x id a tio n  
must have tak en  p la c e . The oxide (Cr^O^) i s  always o b ta in ed  as th e  
f i n a l  p y ro ly s is  p ro d u c t.
I t  vrould obv iously  be i n t e r e s t in g  to  conduct pyrolysfcs of th e se  com­
p le x es  in  vacuo o r in  an i n e r t  atm osphere so th a t  th e  o x id a tio n  s tag e  co u ld  
be e lim in a te d  and t h e i r  decom position  w ith o u t atm ospheric o x id a tio n  s tu d ie d . 
Then th ey  co u ld  be compared d i r e c t l y  w ith  compounds which show behav iour 
ex em p lified  by Type 2 above.
The th io c y a n a te s  p re s e n t some p e c u l i a r i t i e s  in  t h a t  th e y  g ive  in ­
f le x io n s  o r n e a r p la te a u x  a t  the  reg io n s  S (F ig s .1 ,2 ) .  HoTfever, i t  i s  n o t 
p o s s ib le  a t  t h i s  s ta g e  to  a ss ig n  any fo rm u la tio n  to  t h e i r  com position  a t 
th e se  p o in ts  (see  S e c tio n  I I I ,  p p .7 4 ,7 8 ) . I t  may p o s s ib ly  be su g g es ted  
Jpy analogy to  D u v a l's  work (10) on the  therm al decom position o f Cu(l)SCN 
t h a t  p robab ly  su lp h u r and cyanogen a re  g iven  o f f  a t  th i s  s tag e  in  th e  de­
com position  w ith  th e  fo rm atio n  o f chromium ( i l l )  su lp h id e , Cr^S^, o r  even 
th e  mixed su lp h id e , Cr^S^ (= C r^S ^.C rS), which i s  then  f i n a l l y  o x id is e d
- 1 6 8 -
in  a i r  to  th e  o x id e . However, much more work i s  re q u ire d  b e fo re  any 
a u th o r i ta t iv e  i n te r p r e ta t io n  can be made.
Type 2 (a ) in c lu d e s  th e  a rs e n a te s  and a c id  a rse n a te s  of b o th  th e  •en* 
and *pn' com plexes* A f te r  th e  lo s s  of w ater and a l l  th e  diam ine, th e  
s ta b le  ch ro m iu m (lll) a rs e n a te  i s  o b ta in e d  i n  th e  case o f  th e  t e r t i a r y  
a r s e n a te ,
e .g .  Q )r en^jAsO^ Cr AsO^,
w h ile  in  th e  case  o f the  secondary  a rs e n a te , th e  p y ro a rse n a te , C r^A s^O y)^ 
seems to  be form ed as a  s ta b le  o r n e a r  s ta b le  phase b e fo re  the  CrAsO^ 
p la te a u  i s  reach ed . In  a l l  th re e  cases th e  s l ig h t  lo s s  o f w eight o c cu rrin g  
between 850° -  990° m ight be a t t r i b u t e d  to  th e  fo rm atio n  o f an a r s e n a te -  
a r s e n i te  compound, (CrAsO^.CrAsO^). I f  t h i s  i s  so i t  would be in  accord 
w ith  D u v a l's  s tu d y  o f  th e  decom position  o f BiAsO^ (1 0 ) . .However, t h i s  
r e q u ir e s  some f u r th e r  in v e s t ig a t io n .  F u r th e r  decom position (14) fo llo w s 
a t  h ig h e r tem p era tu re  w ith  the fo rm atio n  of th e  chromium ox ide , Cr^O^, 
and th e  e v o lu tio n  o f th e  a rs e n ic  o x id es .
A lthough th e  su lp h a te s  a re  c la s s e d  w ith in  t h i s  ty p e , i t  i s  n o t p o s s ib le  
to  advance any in te r p r e ta t io n s  as re g a rd s  th e  in te rm e d ia te  s tag es  o c c u rr in g  
^ ,in  t h e i r  the rm al decom position  a f t e r  the  lo s s  of bo th  w a te r and diam ine.
There i s  no in d ic a t io n  o f  th e  fo rm a tio n  o f s ta b le  Cr2 (S 0^)3 . The i n t e r ­
m ediate s ta g e s  a t  and Sg ( F ig s .5*6) co u ld  co rrespond  to  th e  fo rm a tio n s  
o f compounds such as (0270^)^30^ and r e s p e c t iv e ly .  The fo rm atio n  o f
chromyl su lp h a te  and ch ro m iu m (lll) su lp h id e  seems to  be h ig h ly  im probable
although  i t  was suggested  by Duval (10) th a t  bism uth s u lp h a te , B ig(SO^)^, 
decomposed w ith  th e  e v o lu tio n  o f 2 SQ  ^ g iv in g  b ism u thy l su lp h a te , (BiO^SQ^. 
For chromium to  behave s im i la r ly  i s  u n l ik e ly .  However, s in c e  th e  f i n a l  
p la te a u  co rresp o n d s to  the ox id e , th e se  compounds have been t e n ta t iv e ly  
in c lu d ed  in  th i s  c la s s .
Type 2(b) in c lu d e s  the  p h o sp h ates  and a c id  phosphates o f the  ’e n 1 and 
*pnf com plexes. A fte r  lo s s  o f b o th  w a te r  and diam ine, th e  ch ro m iu m (lll)  
phosphate s tag e  i s  reach ed . In  th e  case  of th e  ac id  phosphate , however, 
th e  pyrophosphate s ta g e  p recedes th e  f i n a l  phosphate  s tag e  up to  th e  l im i t  
o f th e  tem p era tu re  reach ed  in  t h i s  work ( ^  1400°C). The phosphate  i s
s ta b le  as f a r  as 1800°C ( l l ) ,  and e v e n tu a lly  decomposes to  the oxide w ith  th e  
e v o lu tio n  o f  phosphates o b ta in ed  below o r  n e a r 900°C do n o t g ive
an X -ray p a t te r n .  T his was e x p la in ed  as due to  th e  amorphous n a tu re  (12) 
o r  a l t e r n a t iv e ly  to  the  random o r ie n ta t io n  o f th e  atoms w ith in  th e  sem p le (l3 ). 
However, when h e a te d  to  about 1000°C, an X -ray p a t te r n  cou ld  be o b ta in ed . 
P o s s ib le  e x p la n a tio n  i s  t h a t  a rearrangem en t (13) has taken  p la c e  g iv in g  an 
o rd e r ly  arrangem ent o f atoms, hence ab le  to  g iv e  an X -ray p a t te r n .
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1 7 ,3 G-eneral C onclusions
The p re s e n t work has e s ta b l is h e d  a  method f o r  th e  p re p a ra t io n  of a 
number of tr ise th y le n e d ia m in e  and tr isp ro p y len e d ia m in e  compounds w hich have 
n o t been  p re v io u s ly  p re p a red . O ther s ta n d a rd  methods have b een  shown to  
be n o t so s a t i s f a c to r y .
Two such s e r i e s  o f compounds may be re c o g n ise d  :
( i )  T e r t ia r y  compounds, e .g .  j^ Cr AmgJAO^.x H^O
( i i )  Secondary and o th e r  compounds, e .g .  Am^J2(HA0^)^.y H^O
where A = P o r As.
The method o f p re p a ra t io n , in v o lv in g  exchange o f an ions between th e  
s i l v e r  phosphate o r  a rs e n a te  and a s u i ta b le  !e n ’ o r  ’p n 1 chromium compound 
g iv e s  r i s e  to  w e l l - c h a r a c te r is e d  d e r iv a t iv e s  whose s t r u c tu r e  i s  confirm ed by 
sp e c tro p h o to m e tr ic , i n f r a - r e d  and th e rm ograv im etric  s tu d ie s .
Thermal s tu d ie s  of th e  known compounds, such a s  the  h a l id e s ,  th io ­
cy an a tes  and su lp h a te s  o f th e  !e n f and fp n f com plexes, in d ic a te  th e  p o s s ib i ­
l i t y  o f  s tepw ise  d e g ra d a tio n  p ro c e sse s  ta k in g  p la c e , a lthough  the  re a c t io n s  
may be much more co m p lica ted  th a n  had been a n t ic ip a te d ,  However, th e re  has 
been re p e a te d  in d ic a t io n  th a t  th e  fo rm atio n  o f d iac id o  complexes ( in  th e  case  
o f u n iv a le n t l ig a n d s  such a s  h a l id e s  and th io c y a n a te s )  w ith  the  d isp lacem en t 
.&f one th i r d  o f  t h e i r  diam ines co rrespond  to  a p o in t  o f in f l e x io n  R o b ta in e d  
on t h e i r  therm ograv im etric  ( t .G-.) cu rv es . The re q u ire d  h e a tin g  tem p era tu res  
a re  e i th e r  a t  o r  j u s t  above t h e i r  therm al decom position  tem p e ra tu res , and a re  
in  a c c o rd  ?ri.th th e  tem p era tu res  g iven  by R o llin so n  and B a i la r  ( l )  and by
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P f e i f f e r  and co-w orkers (1 6 -2 0 ). The s u lp h a te s , however, show d i f f e r e n t  
beh av io u r and i t  i s  suggested  th a t  t h i s  i s  due b o th  to  th e  i n a b i l i t y  f o r  
a b a lan ce  o f charg es  to  be e s ta b l is h e d  in  a s u i ta b le  in te rm e d ia te  compound 
and in  th e  tendency f o r  su lp h a te  to  a c t  s o le ly  a s  a m onodentate o r  p o s s ib ly  
b r id g in g  l ig a n d .
Thermal s tu d ie s  of th e  phosphate and a rs e n a te  d e r iv a t iv e s  show s im ila r  
type  of behav iou r, p a r t i c u l a r l y  w ith  th e  t e r t i a r y  phosphate and a rs e n a te  o f 
th e  tr is e th y le n e d ia m in e  ch ro m iu m (lll) compounds, in  th a t  th e y  g ive th e  
p o in t o f in f le x io n  R co rrespond ing  to  th e  fo rm atio n  of th e  ac ido  complex,
** O
I f  such i s  t r u e ,  th en  an uncharged complex o f em p iric a l form ula | Cr en^PO^l
o b ta in e d . A ll th e  evidence so f a r  ten d s  to  in d ic a te  th e  p o ly n u c lea r 
s t r u c tu r e  o f t h i s  uncharged complex w ith  th e  phosphate or a rs e n a te  group 
a c tin g  as a  b r id g in g  l ig a n d  r a th e r  th an  a c h e la tin g  one. On th e  o th e r  hand,
in  th e  same s tepw ise  manner as th e  co rrespond ing  t e r t i a r y  phosphate o r  
a r s e n a te .
Thermal s tu d ie s  have confirm ed th a t  th e  tr is e th y le n e d ia m in e  
c h ro m iu m (lll) complexes a re  more s ta b le  th an  th e  co rrespond ing  t r is p ro p y le n e ­
diam ine com plexes. The o rd e r  o f  therm al decom position tem p e ra tu res  f o r  
those  compounds (belong ing  to  the  same s e r i e s )  t h a t  g ive an anhydrous 
p la te a u  a re
o
form ed, and  ev idence  p o in tin g  to  th i s  f a c t  has been
th e  a c id  phosphate  and a rs e n a te  d e r iv a t iv e s  show th a t  th e y  do n o t decompose
Br I  y  Cl y AsO
s ta b le  i s  n o t s u r p r is in g  when th e  l a b i l i t y
HO system i s  considered and the ease of entry
of the arsenate grouping remembered i^5).
Both the infra-red and X-ray studies have a l l  tended to confirm the
resu lts obtained using the thermobalance.
One important conclusion, which is  adequately illu stra ted  by the 
present v o^rk, i s  that sim ilarity  of the thermogravimetric behaviour does not
imply sim ilarity  of an intermediate or an end-product, e .g .
phosphate acting possibly as a chelating or a bridging ligand.
Thermogravimetry, in  conjunction with infra-red, X-ray and other 
physical methods, can prove a very powerful tool in  the study of inorganic 
complexes. Unfortunately, to date, i t  has not been widely employed in  
th is  particular f ie ld  of research. I t  i s  hoped that th is work may give 
more impetus towards th is  f ie ld  of study in the near future.
j^ Cr en^jd^ — > c is  -  | Cr en^Clgl Cl gives point of in flex ion  R
[Cr enjj (SCN)  ^ — *  trans ~ [?r en2(SCN)2~J(SCN) ”
o
IV»4 . P o ss ib le  E x ten sio n  of t h i s  Work
In  the  course  o f t h i s  p re s e n t  work many p o in ts  of i n t e r e s t  a r i s e  
from i t ,  which c a l l  f o r  f u r th e r  in v e s t ig a t io n s .  A few su g g es tio n s  a re  
l i s t e d  :
( i )  I t  would be i n te r e s t in g  to  study more f u l l y  the th e rm a l d e g ra d a tio n  
o f the com plexes. This co u ld  be done by i s o la t in g  sam ples a t  
d i f f e r e n t  s ta g e s  on th e  T.G. cu rv es  (such a s  p la te a u x  or p o in ts  o f 
in f le x io n )  in  o rder to  c h a r a c te r is e  them u s in g  th e  d i f f e r e n t  
chem ical and p h y s ic a l  m ethods.
( i i )  The Freeman and C a r ro ll  method (34) cou ld  be used  to  advantage in  
c a lc u la t in g  th e  a c t iv a t io n  e n e rg ie s  and th e  o rder o f r e a c t io n ,  i n  
such c le a r  c u t re a c t io n s  as : -
|jCr en^X^.nHgO ■fr* £br en^ j ^  + *^2°
an<3- [cr  en^X^ ----- —>  £cr e n ^ j x  + en
( i i i )  To a tte m p t, in  g r e a te r  d e t a i l ,  the  p re p a ra t io n  and c h a r a c te r i s a t io n ,  
u s in g  th e  th erm ograv im etric  te ch n iq u e , of the phosphato o r th e  
a rs e n a to  complexes, such as
fc r  en^ PO^ J n or Q)r en^ AsO^
by h e a tin g  th e  co rresp o n d in g  tr ia e th y le n e d ia m in e  compounds 
^  iso th e rm a lly  a t  v a rio u s  tem p era tu res  s t a r t i n g  from t h e i r  decom­
p o s i t io n  tem p era tu res  u n t i l  co n s ta n t w e ig h t co rresp o n d in g  to  lo s s  
o f o n e - th ird  diam ine i s  reached , fo llo w ed  by p u r i f i c a t io n ,  e to .
o
n
Using a s im i la r  te ch n iq u e , in v e s t ig a t io n s  o f o th e r  phosphate  o r 
a rs e n a te  complexes of d i f f e r e n t  t r a n s i t i o n  m eta ls  may be c a r r ie d  
ou t in  view of f u r th e r  confirm ing  phosphate  o r  a rs e n a te  as a 
b r id g in g  or c h e la t in g  lig a n d .
S im ila r ly , th e  range o f amines s tu d ie d  co u ld  be ex tended .
To c a r ry  o u t the th e rm al decom position  e i t h e r  in  vacuo o r in  an 
i n e r t  a tm osphere, so th a t  atm ospheric  o x id a tio n  may be excluded . 
F u r th e r  m o d if ic a tio n s  cou ld  be c a r r ie d  o u t on th e  therm obalance 
i n  o rd e r t h a t  the  in v e s t ig a t io n  of a  p a r t i c u l a r  system  may be 
more com plete, e .g .  to  d ev ise  an a n a ly s is  t r a i n  whereby th e  
v a r ie u s  components evo lved  during  a decom position could  be 
id e n t i f i e d !  i n  a d d itio n , d i f f e r e n t i a l  th e rm al a n a ly s is  work 
co u ld  be c a r r ie d  o u t and the  h e a ts  o f th e  decom position r e a c t io n s  
co u ld  be de term ined .
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